The evaluation of S-nitrosothiols as potential curing agents. by McKenna, Mari Louise.
THE EVALUATION OF S-NITROSOTHIOLS 
AS POTENTIAL CURING AGENTS
A Thesis presented to the University of Surrey for the 
Degree of Master of Philosophy in the Faculty of 
Chemical and Biological Sciences
By
Mari Louise McKenna
Leatherhead Food Research Association
Randalls Road
Leatherhead
Surrey
October 1982
ProQuest Number: 10804255
All rights reserved
INFORMATION TO ALL USERS 
The quality of this reproduction is dependent upon the quality of the copy submitted.
In the unlikely event that the author did not send a com p le te  manuscript 
and there are missing pages, these will be noted. Also, if material had to be removed,
a note will indicate the deletion.
uest
ProQuest 10804255
Published by ProQuest LLC(2018). Copyright of the Dissertation is held by the Author.
All rights reserved.
This work is protected against unauthorized copying under Title 17, United States C ode
Microform Edition © ProQuest LLC.
ProQuest LLC.
789 East Eisenhower Parkway 
P.O. Box 1346 
Ann Arbor, Ml 48106- 1346
CONTENTS
ABSTRACT
ACKNOWLEDGEMENTS 
LIST OF ABBREVIATIONS 
LIST OF TABLES 
LIST OF FIGURES
PART I INTRODUCTION Page
Chapter 1.1 The history of curing 2
1.2 Meat pigments 3
1.3 Components other than nitrite which play a part in
the curing process 7
1.4 The antimicrobial effects of nitrite 9
1.5 The adverse effects of nitrate and nitrite ' 11
1.6 The analysis of human food for volatile
N-nitrosamines 15
1.7 The occurrence of volatile N-nitrosamines in
meat products 18
1.8 Formation of N-nitrosopyrrolidine in fried bacon 19
1.9 Reduction of N-nitrosamine levels in fried bacon 19
1.10 The use of S-nitrosocysteine as a curing agent 23
1.11 The aims of this research project 27
PART II EXPERIMENTAL WORK Page
Chapter 2 Preparation of S-nitrosothiols and the methods
used to estimate their purity 29
3 Stability in brine 40
4 Colour formation in meat patties 43
5 N-Nitrosamine formation in meat patties 59
6 Toxicology of S-nitrosocysteine and S-nitroso-
N-acetyl-2,2-dimethylcysteine 71
PART III DISCUSSION, CONCLUSIONS AND REFERENCES 77
PART IV APPENDIX 94
ABSTRACT
The use of S-nitrosocysteine (SNC) and S-nitroso-N-acetyl-2, 
2-dimethylcysteine (SNADC) as curing agents in a comminuted meat . 
patty system was investigated and compared with sodium nitrite.
The two S-nitrosothiols were prepared and their stability in brine 
was established.
Colour formation and rate of fading of raw and cooked patties 
cured with sodium nitrite, SNC or SNADC and stored in the light, 
in the dark, in vacuum-packs and in air were measured by chemical 
analysis, by a panel and by a Colorimeter. These techniques 
showed conclusively that 50 ppm nitrite molar equivalent of SNC 
and SNADC converted a similar amount of muscle haem pigment into 
its nitrosyl form and that the pigment produced faded at 
approximately the same rate as nitrite whilst 12.5 and 25 ppm 
nitrite equivalent SNC and SNADC formed less colour and faded 
faster than 50 ppm sodium nitrite. Residual nitrite levels were 
much lower in S-nitrosothioi cured patties than in those cured 
with nitrite. However, there was no increased rate of spoilage 
associated with these low levels of residual nitrite.
After selective separation, extraction and concentration, volatile
N-nitrosamines were determined by a gas chromatography with a
a
Thermal Energy Analyser^as selective detector. Less N- 
nitrosamines were formed in patties cured with S-nitrosothiols
than those cured with nitrite, however, the difference was not as 
marked in patties containing additional fat as in those without. 
Meat pH, over the range used, had no significant effect on N- 
nitrosamine formation in the patties.
Results on animal studies carried out by BIBRA on S-nitrosothiols 
prepared in bulk in a purified form showed that it was unlikely 
that they presented a mutagenic hazard at the concentration used 
in cured meat products. However, it was advised that direct 
handling of these S-nitrosothiols should be limited by the use of 
normal protective measures.
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PART I 
INTRODUCTION
1.1 THE HISTORY OF CURING
The use of sodium nitrite as a preserving agent in food originates 
from the practice of adding rock salt to meat and fish that had to 
be stored. This practice has been recorded in temple precincts as 
far back as 3000 BC.
In 1891, it was discovered that nitrite present in cured products 
was produced through the reduction of added nitrate by organisms 
in the meat. This was soon followed by work from Lehmann, in 
1899* who established that the pink colour of cured meat was due 
to the action of nitrite and not nitrate. The mechanisms of the 
colour reaction were finally clarified by Haldane, in 1901, as a 
combination of nitric oxide with meat pigments. Subsequently, the 
colouration of the meat was deliberately produced by adding sodium 
nitrite itself because it improved the speed and effectiveness of 
producing the pink colour. In addition, sodium nitrite was later 
found to minimise lipid oxidation.
Pivnick et al., (1967) and Tarr, (1961) have shown that nitrite 
exerts a definite preservative action which is critical to the 
safety and stability of cured meat. The principle use of nitrite 
is as a protecting agent against the growth of Clostridia, the 
development of which could lead to the production of toxins in 
cured, vacuum-packed or certain canned meat products. Ingestion 
of toxin arising from the outgrowth of certain Clostridia could be 
fatal to the consumer.
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Consequently, nitrite is used in many countries as a food 
additive. In the UK, the permitted level of residual nitrite in 
meat products is 200 ppm as sodium nitrite (HMSO, 1979), but in 
the USA the level has been reduced from 156 ppm to 120 ppm (CAST,
1978). In the UK the use of ascorbate is optional, however, USA 
legislation states that in bacon, 550 ppm sodium ascorbate shall 
be used with 120 ppm nitrite. These limits were implemented 
because of the toxic action of nitrite. It is a vasodilator and 
hypotensive agent (Rubin et al., 1963) and can reduce vitamin A 
stores in the liver and disturb thyroid functions (Emerick and 
Olson, 1962). In addition, it has the ability to oxidise 
oxyhaemoglobin to the ferric form, methaemoglobin, which is 
incapable of transporting oxygen. This occurs particularly in 
young infants in whom erythrocytemethaemoglobin reductase activity 
is low.
1.2 Meat Pigments
1.2.1 The natural colouring matter in meat
The red colour of meat is due to the oxygen carrying pigments of 
the animal or one of their derivatives. Haemoglobin is the 
pigment present in animal blood and is found in small amounts in 
muscle tissue. It has a molecular weight of 67,000. Myoglobin is 
responsible for oxygen transfer in the muscle and is the 
predominant purplish red pigment, having a molecular weight of 
16,700, (Watts, 1954 & 1955).
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Fig. 1.1 The isolated haem group and myoglobin
Both compounds have a haem group in which the iron is placed 
centrally in a ring composed of four fused pyrole. rings. Four 
of the co-ordination positions of the iron atom within the plane 
of the pyrole rings are satisfied by the nitrogen atoms of the 
five-membered rings involved. The fifth is co-ordinated to an 
imidazole residue contained within the protein structure, the 
sixth co-ordination position is occupied by either another 
imidazole residue, a water molecule, or another ligand such as 
oxygen or nitric oxide (Lawrie, 1974, Lemberg & Legg, 1949)-
Fresh meat colour is associated with myoglobin combined with 
oxygen, giving the bright cherry red colour of oxymyoglobin. 
Oxidation of myoglobin to the ferric state results in brown
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metmyoglobin and is accelerated by a number of factors e.g. low 
pH, high salt concentration and low oxygen tension. Denaturing 
agents convert myoglobin and the myoglobin derivatives to brown 
haemochromogens, (Fox, 1968). Green pigments may also be formed 
from myoglobin, e.g. by hydrogen sulphide, hydrogen peroxide or 
bacterial decomposition.
1.2.2 The uncooked cured meat pigment-Nitrosylmyoglobin 
When sodium nitrite or nitrate is added to meat, nitric oxide is 
liberated from the salt and reacts with the meat pigments, 
myoglobin, to form pink nitrosylmyoglobin (NOMb), (Lawrie, 197*0. 
Walters, (197*0 reported that the primary action of nitrite in 
curing was the oxidation of oxymyoglobin to metmyoglobin without 
the production of an equivalent amount of nitric oxide. Walters & 
Taylor, (1965) postulated that certain elements of the muscle 
respiratory enzyme system can bring about the reduction of nitrite 
to nitric oxide in combination with metmyoglobin. The 
nitrosylmetmyoglobin formed is reduced to nitrosylmyoglobin.
Once the nitrosylmyoglobin pigment is formed it is very stable in 
the absence of oxygen, but unstable in the presence of oxygen and 
oxidising agents. This is because free nitric oxide in the meat 
system is in equilibrium with nitrosylmyoglobin and this free 
nitric oxide is rapidly oxidised, in the presence of oxygen and 
water, to nitrate. Thus, the position of the equilibrium is 
shifted so that eventually all the nitric oxide is dissociated 
from the nitrosylmyoglobin, (Giddings, 1977 (a),(b)). The 
underlying principle for nitric oxide-haem dissociation is
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believed to involve the withdrawal of electron density from iron 
to porphyrin, which weakens the Fe-NO bond. The nitric oxide 
group dissociates, leaving the iron susceptible to oxidation by 
systems present in the medium. Such colour loss is believed to be 
delayed by providing stronger reducing conditions in the medium, 
by incorporating nitrite, exceeding the myoglobin (Mb) level, by 
preventing exposure to energy-generating electronic -excitation 
e.g. light, by eliminating oxygen during storage, by using 
packaging film with a low oxygen permeability and/or by increasing 
the pH of the product, (National Research Council, 1981).
Only one small fraction of the nitrite added to a meat product is 
utilised for colour fixation. Theoretically, only 3 mg of sodium 
nitrite per kilogram of product should provide a 5055 conversion of 
Mb to NOMb, (MacDougall et al., 1975). However, more is usually 
necessary to provide colour stability because of the effects of 
the many above-mentioned factors, which influence the stability of 
the nitrosyl haemoprotein pigments, and also because of the 
reaction of nitrite with other meat components, such as sulphydryl 
or amino groups, (Cassens, et al., 1974; Woolford & Cassens,
1977). In fact, the minimum level of nitrite necessary to produce 
the desired colour varies with the type of meat product, method of 
preparation and the presence of reductants such as ascorbate, 
(MacDougall, et al., 1975; Sofos, et al., 1979).
1.2.3 The cooked cured meat pigment-Nitrosylhaemochromogen 
Luncheon meat is a cooked cured meat product and its natural 
colour is due to the denatured nitrosylmyoglobin pigment called
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nitrosylhaemochromogen. Tauber & Simon, (1963) found that the 
formation of nitrosylhaemochromogen was dependent on the time and 
temperature of the process used. Other factors affected colour 
development e.g. putting meat under vacuum before processing 
accelerated colour development. Tarladgis, (1962) investigated 
nitrosylhaemochromogen. His results showed that both co­
ordination positions of the iron atom were occupied by nitric 
oxide and the globin was not associated with this molecule.
,-eJr cU. , haue thaV  (S on lu one
ruVnt c ^ ie k  group loom tKe, cooked p ig m e n t .
The inter-relationship of haem pigments in meat is shown in Fig.
1.2 .
1.3 Components Other than Nitrite which Play a Part in the 
Curing Process
Ascorbic acid can promote the formation of the cured meat pigment, 
nitrosylmyoglobin, from metmyoglobin and nitrite in aqueous 
solutions, by the release of nitric oxide from a postulated 
ascorbic acid - nitrous acid intermediate. In the same system, 
the vitamin also acts in reducing nitrosylmetmyoglobin to the 
final form, nitrosylmyoglobin, (Fox & Ackerman, 1968). This 
mechanism explains how colour formation can occur before and after 
the product is cooked, since heating would eliminate the 
possibility of enzyme coupled reactions suggested by Walters &
Taylor, (1963). Because ascorbic acid has been reported to be an 
effective reductant in promoting colour formation, it is usually 
incorporated into curing formulations to accelerate the 
development and to increase the stability of the cured meat 
colour, (Fox, 1966; Fox et al., 1967).
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Mirna & Hofmann, (1969) suggested that sulphydryl groups may play 
a part in the production of nitrosylmyoglobin by the following 
reactions:-
2 (protein - SH)
Mirna & Hofmann stated that the nitric oxide portion attached to 
the thiol group may reside as "activated nitrite" which 
facilitates the transference of the nitric oxide to myoglobin.
This theory was supported by Olsman, (1973) who showed that 
nitrite loss can be lessened, but not prevented, by blocking the 
thiol groups with /f-vinyl pyridine. Olsman, (1976) also suggested 
the following hypothetical reaction for what happens when nitrite 
is added to a meat system.
X is a compound very easily nitrosated and then itself acting as a 
nitrosating agent. By nitrosation of thiol groups in the 
reversible nitrosation equilibrium, S-nitrosothiols are formed.
h n o2
2(protein - SNO)
2Mb
V
protein - SS - protein + 2 NOMb
Nitrosothiols are formed according to:
RSH + HONO » RS-NO + H20
RS-NOsi
(b) + R-SH
HN02 + x } X-NO ------- } NOMb
Mb
During the initial storage period and at a relatively low pH X-NO 
is formed much more rapidly than meat products can be nitrosated 
by reaction (c). Thus a reservoir of nitrosating power builds up. 
Initially more than 50% of the free nitrite is stored in this way. 
When the level of free nitrite is reduced to a certain value the 
reverse reaction (b) becomes predominant and the RS-NO reservoir 
is used up at a gradually increasing rate until most- of the 
nitrite has been converted into a variety of stable nitrosation 
products by reaction (c) e.g. nitrosylmyoglobin.
1.4 The Antimicrobial Effects of Nitrite
Nitrite is known to have antimicrobial effects against a broad 
range of bacterial species, but the mechanisms of this action are 
not fully understood. In some bacteria, they probably involve 
iron-containing enzymes. Depending on a number of factors, 
including the concentration of nitrite, environmental conditions, 
and the type of food product, nitrite may contribute to the 
control of pathogens, for example, Staphylococcus aureus, Bacillus 
cereus, and Clostridium perfringens. The most important 
antimicrobial effect of nitrite is its action against the 
putrefactive and pathogenic Clostridia, including C. botulinum.
At the levels currently used in cured meat products, nitrite has 
no effect on germination, but it delays the outgrowth of spores of 
these organisms, thereby preventing spoilage and prolonging the 
period of temperature abuse that a cured product contaminated with 
C. botulinum can withstand before it becomes toxic. In this way, 
nitrite provides protection against the risk to health posed by 
botulism, (National Research Council, 1981).
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Perigo, et al., (1967) and Perigo & Roberts, (1968) examined meat 
products to establish why they did not become toxic when they 
contained viable endospores. Using culture media they found that 
when they heated the media with nitrite, a substance ten times 
more inhibitory than nitrite was formed. They called this 
inhibitory factor the Perigo Factor. The existence of this Perigo 
Factor has been confirmed by many workers. This antibotulinal 
effect seems to require at least 120 - 200 ppm nitrite for bacon, 
comminuted cured ham and canned shelf stable luncheon meat, (Jay,
1978). This inhibitory or antibotulinal effect which results from 
heat processing or smoking of certain meat and fish products 
containing nitrite warrants the continued use of nitrite in such 
products.
Residual nitrite also appears to be an important determinant of 
the degree of protection provided by nitrite. Thus, any product 
or process changes that result in a lower level of residual 
nitrite, e.g., adding less nitrite or increasing its rate of 
depletion, will increase the likelihood of the product becoming 
toxic if contaminated and abused. However, other factors that 
influence the risk of botulism, e.g., contamination or the timing 
and duration of temperature abuse, are not predictable. Thus, it 
is not possible to derive a quantitative relationship between the 
protection provided by nitrite and the risk of botulism, or to 
determine the degree of protection that is necessary to ensure the 
safety of a particular product, (National Research Council,
1981).
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1.5 The Adverse Effects of Nitrate and Nitrite 
Exposure to nitrate and nitrite has been implicated in the 
causation of methaemoglobinaemia in humans and has also been 
suspected to take part in causing cancer. However, their 
potential involvement as precursors to N-nitrosamines in human 
cancers has yet to be established.
1.5.1 Carcinogenesis (National Research Council, 1981)
Data on humans.
The greatest limitation in epidemiological studies carried out to 
date is their lack of sufficient data on the history of exposure 
to nitrate and nitrite for the individuals who develop cancer. A 
study was carried out in Colombia on patients suffering from 
gastric cancer. Despite the difficulties of ascertaining dietary 
intake and inadequate medical diagnosis in poorly developed 
regions, it was reported that there was a high frequency of 
stomach cancers in certain areas of the country. From this 
information it was hypothesised that nitrate, nitrite or N-nitroso 
compounds played a role in the development of stomach cancers,-but 
this was not proven. The findings reported for a negative 
association with the consumption of vegetables containing the 
nitrosation inhibitor vitamin C lend further indirect support to 
this hypothesis.
The cancer risks for humans from consumption of processed meats 
has been studied by Meinsma, (1964) in the Netherlands, where a 
correlation between stomach cancer and bacon consumption was 
reported, and by Higg’inson, ( 1966) in the United States, where a
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difference in consumption of bacon and other cured meats between 
controls and stomach cancer patients was detected, but was not 
significant. The negative association between consumption of 
fresh fruit and vegetables and gastric cancer incidence reported 
in these, two studies also suggested a possible causative role for 
nitrate, nitrite and/or N-nitroso compounds. So far, 
epidemiological studies have failed to provide convincing evidence 
that exposure to the above compounds is associated with cancer.
Data on animals
In a survey (on the carcinogenicity of nitrate and nitrite in 
animals), carried out by the Committee on Nitrite and Alternative 
Curing Agents in Food, (National Research Council, 1981) it was 
concluded that the data to date was not definitive. However, they 
stated that there was convincing evidence that nitrite can react 
with nitrosatable agents in the acidic conditions of the stomach 
to produce N-nitroso compounds most of which have been proven to 
be carcinogenic. The impact of in vivo formation of N-nitroso 
compounds on cancer induced in humans cannot be determined with 
precision because the amounts of N-nitroso compounds formed ' 
following administration of nitrite and amines or amides, at the 
low doses to which humans are normally exposed, are not yet known. 
In addition, the levels of inhibitors (e.g. ascorbic acid) or 
accelerators,(e.g. certain phenols) of nitrosation are unknown.
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1.5.2 Mutagenicity
1.5.2.1 Mutagenicity of nitrate and nitrite 
Konetzka, (1974) studied the mutagenicity of nitrate in 
Escherichia coli under aerobic and anaerobic conditions. He 
observed a hundred fold increase in mutant colonies in the 
presence of nitrate under anaerobic conditions, but no increase 
under aerobic conditions. In contrast, Salmonella typhimurium was 
not susceptible to mutagenesis by nitrate, even under anaerobic 
conditions. Konetzka postulated that the observed mutations were 
due to reduction of nitrate to nitrite - not directly due to the 
nitrate itself.
Kodama et al., (1976) demonstrated that nitrite induced 
mutagenicity in vitro assays of cultured mouse cells when nitrite 
concentrations were higher than 1mM. This nitrite, as nitrous 
acid, may lead to mutations by one of three mechanisms (Zimmerman, 
1977):
(1) Nitrous acid may deaminate DNA bases.
(2) In organisms with double-stranded DNA, mutagenesis by nitrous 
acid may proceed via the creation of intra- or inter-strand 
cross links between purine residues, which lead to helix 
distortion.
(3) Nitrite reacts with nitrosatable substances to produce 
N-nitroso compounds that are known carcinogens and mutagens.
• It may also contribute to the formation of C-nitroso and
S-nitroso compounds, some of which may be carcinogenic and 
mutagenic.
13
Despite the unequivocal demonstration of nitrite - induced 
mutagenicity in in vitro systems in which single-stranded and 
double-stranded DNA are the targets, no evidence that this occurs 
in intact mammalian organisms has been provided either directly or 
by host-mediated assays.
1.5.2.2 Mutagenicity of S-nitrosocysteine
Natake et al., (1979) showed that the compound formed by reacting
0.05 mol. cysteine with 0.05 mol. sodium nitrite for 30 minutes 
had DNA-damaging activity and mutagenic activity at low pH. The 
compound, a nitrosothiol, which he showed to be S-nitroso- 
cysteine, degraded to cystine with loss of with loss of DNA - 
damaging activity.
1.5.3 Toxic effects
Corri and Breimer, (1979) and Burden, (1961) summarised the 
literature documenting the toxic and lethal levels of nitrate and 
nitrite. Different studies have reported that the lethal level of 
nitrate for a 60 kg adult ranges from 4 to 50 g, whereas for 
nitrite the level ranges from 1.6 to 9.5 g (Corre & Breimer,
1979). Although the criteria taken as indicative of toxicity 
varied slightly, most authors accepted the criterion for toxicity 
as a single dose that will induce methaemoglobinaemia. In four 
studies, the listed toxic dose in humans for nitrate was 2 to 4 g 
whereas for nitrite it ranged from 60 to 500 mg,(Corrd" & Breimer,
1979).
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Methaemoglobinaemia is the most prevalent and potentially the most 
serious known complication of non therapeutic excessive intake of 
nitrate and nitrite. It occurs mainly in infants and other 
susceptible individuals following ingestion of high levels of 
nitrate in drinking water or in prepared vegetables. The 
condition is characterised by cyanosis and anoxia, and is largely 
reversible by administering intravenous ascorbic acid or 
methylene blue, depending on the severity of the disease.
1.6 The Analysis of Human Food for Volatile N-Nitrosamines 
The problems involved with determination of N-nitrosamines in 
foods include sensitivity, specificity, and a lack of knowledge 
for some of the compounds which may be present.
1.6.1 Methods of isolation
1.6.1.1. Distillation methods
Many investigators have taken advantage of the volatility of N- 
nitrosaraines to separate them from biological materials. 
(Eisenbrand et al.,1970a) examined the distillation rates of 16 
different N-nitrosamines. They showed that there were no 
significant differences in their respective yields, on 
distillation at reduced or atmospheric pressure, from acidic, 
alkaline or neutral media. Therefore, steam distillation has 
become a basic step in most enrichment and purification 
procedures. However, a steam distillation from an alkaline medium 
would be a necessary preliminary before one from an acidic 
environment, to prevent the formation of nitrosamines as an 
artefact from any nitrite present.
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Vacuum steam distillation has also been used for nitrosamine 
enrichment with varying degrees of success. An advanced 
modification of the vacuum distillation technique was described by 
Telling et al., (1971) and Telling, (1972). Since the 
distillation procedures used by these authors were mild (weakly 
alkaline medium, moderate temperatures), the resulting distillates 
were less contaminated with interfering compounds. Recoveries of 
even highly volatile N-nitrosamines have been found to be 
satisfactory under these conditions.
1.6.1.2 Solvent extraction
Dichloromethane is the standard solvent for extraction of volatile 
N-nitrosamines from aqueous distillates because the partition 
coefficients between N-nitroso compounds and DCM are higher when 
using DCM than using other immiscible solvents, particularly with 
low molecular weight N-nitrosamines. Telling et al., (1971) 
reported that when aqueous solutions of sixteen different 
nitrosamines were extracted once with equal volumes of 
dichloromethane, more than 95% of the nitrosamines were found in 
the dichloromethane. In addition, Scanlan, (1975) reported that 
many investigators saturate the aqueous phase with inorganic salt,
i.e. sodium chloride or sodium sulphate, to increase the 
efficiency of extraction.
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1.6.1.3 Methods of further purification
Thin layer chromatography and column chromatography using various 
solvents have been utilised for further purification of extracts. 
Thin layer chromatography, using strictly controlled conditions, 
can also be used for quantitative work (Eisenbrand et al.,
1970 (b)). However, column chromatography is used much more 
frequently than thin-layer chromatography.
Gas chromatography has been used most extensively for the 
separation of volatile nitrosamines. A number of stationary 
phases of moderate to strong polarity have been successfully 
employed, (Scanlan, 1975).
1.6.2 Detection, quantification and confirmation of identity 
Methods used for the detection and quantification of N- 
nitrosamines include the use of spray reagents in conjunction with 
thin layer chromatography, ultraviolet spectrophotometry, 
colorimetry and gas chromatography. However, these methods of 
analysis proved to be inadequate in their specificity, but with 
the use of a high resolution mass spectrometer attached to the 
outlet of a GC column, illustrated by Telling et al., (1974), each 
N-nitrosamine could be detected and quantified by its molecular or 
any other prominent ion, at its correct retention time in gas 
chromatography.
Recently, a thermal energy analyser (TEA) which is a highly 
selective GC detector for N-nitrosamines has been developed,
(Fine, et_al., 1975). Mixtures of N-nitrosocompounds are
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separated on a GC column and are then introduced into the TEA.
The first part of the TEA consists of a pyrolyzer which ruptures 
the N-NO bonds with the release of a nitrosyl radical (NO0 ). The 
NCPis then oxidised with ozone in an evacuated reaction chamber to
give electronically excited N0*2• The excited N0*2 decays back to
its ground state with the emission of its characteristic radiation 
in the far visible and near infrared regions. The intensity of
the emission is detected by means of a photomultiplier tube and is
proportional to the NO concentration and therefore to the N- 
nitroso compound concentration. Thus, as the retention times for 
each peak detected by light emission are known, N-nitrosamines can 
be accurately identified and quantified by this method. Most 
other nitrogenous compounds do not yield nitric oxide under the 
conditions employed in the TEA. However, positive responses are 
given by certain C-nitroso compounds, (Stephany & Schuller, 1977) 
and also by a N-nitramine, (Hotchkiss et al., 1978).
1.7 The Occurrence of Volatile N-Nitrosamines in Meat Products 
The cured meat product which has been found to contain volatile N- 
nitrosamines most consistently is fried bacon. The major volatile 
nitrosamines found are N-nitrosopyrrolidine (NPYR) and N- 
nitrosodimethylamine (NDMA). Sen et al., (1973) found NDMA in an 
uncooked bacon sample. However, like many other workers, Fazio et 
al., (1973) detected only NPYR in fried bacon. Other volatile 
nitrosamines have been detected e.g. N-nitrosodiethylamine (NDEA), 
N-nitrosodi-n-butylamine (NDBA) and N-nitrosopiper^dine (N Pip), 
(Stephany et al., 1976) and recently, N-nitrosothiazolidine 
(NTHZ), a compound which had not been previously reported in food 
systems, (Gray et al ., 1982).
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1.8 Formation of N-Nitrosopyrrolidine in Fried Bacon
Fazio et al., (1973)* Fiddler, et al., (1974) and Sen et al.,
(1973) have suggested that the precursor of NPYR in cooked bacon
is the amino acid proline. Nitrosation and decarboxylation
provide the two routes for the conversion of proline to N-
\n -the Ptppet-dix
nitrosopyrrolidine, shown in Fig. 1*3^ This has been confirmed by 
many workers including LiJ.insky & Epstein, (1970), Ender & Ceh, 
(1971) and Bills et al., (1973). Fiddler et al., (1974) reported 
the presence of N-nitrosoproline in uncooked bacon.
Although proline is a strong candidate as the precursor of NPYR in 
cooked bacon, the possibility of other compounds must also be 
considered. In a review by Scanlan, (1975) he summarised 
compounds which had been shown to produce NPYR when heated with 
nitrite. These included N-nitrosoproline, pyrrolidine, 
spermidine, proline, putrescine, ornithine, glycyl-L-proline, L- 
prolylglycine and collagen.
The precursors for the formation of NDMA, the other volatile N- 
nitrosamine consistently found in fried bacon, are as yet 
undetermined. However, Spinelli-Gugger et al., (1981) observed 
that the major precursors of NDMA in bacon are not extractable 
with chloroform and must be water-soluble components such as 
sarcosine.
1.9 Reduction of N-Nitrosamine Levels in Fried Bacon
There are three general approaches to reducing the levels of N- 
nitrosamines in fried bacon:
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(1) reduce the nitrite concentration in the product,
(2) add an inhibitor of nitrosation to the product during 
processing, and
(3) eliminate nitrite by use of an alternative curing agent.
(1) Reduction of nitrite levels
Robach et al., (1980) studied the effect of various concentrations 
of sodium nitrite and potassium sorbate, an antimicrobial agent, 
on N-nitrosamine formation in commercially prepared bacon. Bacon, 
processed with 40 ppm nitrite and 0.26% sorbate, contained an 
average of 8.7 ppm NPYR whereas samples prepared with 120 ppm 
nitrite contained an average of 28.1 ppm NPYR. This marked 
reduction in NPYR levels is clearly due to reduced levels of 
nitrite, although it has been reported that sorbic acid also 
inhibits N-nitrosamine formation, (Tanaka et al., 1978). Further 
studies by Amundson et al., (1982) also revealed that N-nitros­
amine formation was suppressed, though not eliminated, by the same 
nitrite-sorbate cure in both fat and lean bellies.
(2) Inhibition of N-nitrosation reactions 
Considerable effort has been put into developing means of 
suppressing N-nitrosamine formation in fried bacon by using 
blocking, agents. Bharucha et al., (1979), have postulated that 
the essential, but probably not the only, requirements for a 
potential blocking agent in bacon are:
(1) ability to trap NO radicals,
(2) lipophilicity,
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(3) non volatility in steam, and
(4) heat stability up to 174°C - the maximum frying temperature. 
These requirements appear important since the precursors of NPYR 
have been associated with bacon adipose tissue, (Fiddler et al., 
1974).
Consequently, several lipid soluble compounds have been examined 
as inhibitors of N-nitrosamine formation, (Table 1.1).
Table 1.1 Effectiveness of various compounds in blocking
N-nitrosamine formation in fried bacon, (Gray, 1982)
Xnpui~
Concentration % inhibition of N-nitrosamine 
of compound Fried 
Compound in fried bacon Cook-out fat
bacon _____________
_b
70-90 
90-98
Analyses conducted on combined bacon and cook-out fat extracts 
Not reported in study.
Ascorbic acid 1,000 100
Ascorbyl 1,000 59-87a
palmitate
500 - 1,000
Ascorbic acid 1,000 62-88
acetal
Piperazine 1,000 90-91
Propyl gallate 1,000 50-97
TBHQ 500-1,000 55-64
a-Tocopherol 500 80
500 85
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Ascorbyl palraitate has been shown to be more effective than sodium 
ascorbate in reducing N-nitrosamine formation in fried bacon, (Sen 
et al., 1976, Bharucha et al., 1980). Long chain acetals of 
ascorbic acid, when used at the 500 and 1,000 ppm levels’, have 
been reported to be capable of reducing the formation of N- 
nitrosamines in the cooked-out fat by 92 and 97$ respectively, 
(Bharucha et al., 1980). Unlike ascorbyl palmitate, these acetals 
retain their activities for at least 35 days at 3°C when applied 
to bacon at the 1,000 ppm level, (Bharucha et al., 1980).
The inhibition of formation of NPYR and NDMA in fried bacon with 
a-tocopherol has been demonstrated by Fiddler et al., (1978) when 
used at a concentration of 250 to 500 ppm. In another study, 
Walters et al., (1976) also reported the reduction in 
concentration of N-nitrosamines, in both the bacon and the vapours 
produced during frying of bacon, in fat containing a-tocopherol.
(3) Elimination of nitrite by using an alternative curing agent 
Very little emphasis has been placed on finding an alternative, 
curing agent to nitrite. An alternative curing agent must:
(1) provide microbiological stability
(2) form less N-nitrosamines than sodium nitrite
(3) form the stable pink colour characteristic of cured meat and,
(4) provide some antioxidant activity, although this is not as 
essential as 1-3.
The only compound discussed in the literature with a view to its 
use in curing is S-nitrosocysteine (SNC).
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1.10 The Use of S-Nitrosocysteine as a Curing Agent
1.10.1 The effect of S-nitrosocysteine on nitrosamine formation 
It has been postulated that SNC is formed initially when nitrite 
is added to meat, (Mirna & Hofmann, 1969 and Olsman, 1973). With 
this in mind, Massey et al., (1978) examined the S-nitrosation of 
thiols in protein based model systems. They found that at pH 
5.25* the pH relevant to curing, S-nitrosation of thiols proceeded 
much faster than N-nitrosation and thus cysteine could reduce the 
level of NPYR formed by competing with pyrrolidine for the 
available free nitrite. However, it was suggested by Mirna & 
Hofmann (1969) that higher molecular weight sulphydryl compounds 
are capable of transnitrosating to amine receptors.
Dennis et al., (1979) showed that transnitrosation of SNC with 
secondary amines can occur and leads to the formation of N- 
nitrosamines under both acidic and alkaline conditions. Both 
strongly and weakly basic amines participated in this reaction 
although the latter react and give a higher yield of nitrosamines. 
In addition, transnitrosation at pH 5.5, which may be relevant to 
the cured meat situation, proceeds only a little slower than 
direct N-nitrosation in model systems, (Davies et al., 1978).
Thus, if a meat matrix does not modify the solution reaction 
kinetics, the presence of SNC in cured meat should produce a N- 
nitrosamine concentration slightly less than that of an equivalent 
amount of nitrite. Dennis et al. (1979) found that 
transnitrosation with SNC was much slower than nitrosation with 
nitrite at pH 2.65, the pH relevant to nitrosation in the stomach.
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In addition, Williams & Aldfred, (1982) showed that when 
increasing concentrations of L-cysteine and N-acetyl penicillamine 
were added to acidified aqueous solutions of sodium nitrite and p- 
nitro-N-methylaniline, the nitrosation of the amine was markedly 
decreased and inhibition of nitrosamine formation was claimed to 
be brought about by the virtually irreversible formation of the S- 
nitrosothiol.
Dennis et al., (1979) suggested that there are two possible 
pathways by which N-nitrosamines can be formed in the reaction of 
S-nitrosocysteine with a secondary amine - by either a direct or 
an indirect pathway. A direct pathway would involve nucleophilic 
attack of the unprotonated amine on SNC, probably at the nitrogen 
atom of the NO group, to form the N-nitrosamine directly.
Indirect pathways would involve preliminary decomposition of SNC. 
Cystine is known to be one of the decomposition products, (Mirna & 
Hofmann, 1969) and the decomposition, known to proceed via a 
radical pathway, can probably be described by the following 
equations:
cys - NO ------- 7* cys°+ NO0
2cys £ cys-cys
The decomposition gives nitric oxide as a primary product. Nitric 
oxide can readily be oxidised to the strong nitrosating agents 
nitrogen dioxide and dinitrogen trioxide by molecular oxygen, 
(Cotton et al., 1968).
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Both direct and indirect suggested mechanisms are consistent with 
the pH dependence of the reactions. The pH determines the rate of 
breakdown of the SNC, (low at pH 2.65, high at pH 5.5 and pH 
9.75). The pH also determines the degree of protonation of the 
amine in solution i.e. predominantly protonated at acid pH, 
unprotonated at alkaline pH.
In addition to determining the effects of transnitrosation of free 
SNC and secondary amines, Dennis et al., (1980) studied the effect 
the protein, to which the SNC was attached, played in these 
transnitrosation reactions. They found that when cysteine was 
atta ched to a protein matrix as opposed to being free, the rate
of nitrosamine formation was reduced although the final yield was
comparatively unchanged. This suggests that the steric 
characteristics of the S-nitrosocysteine molecule have a major 
influence on the rate of nitrosamine formation, but a smaller 
effect on the overall yield..
Kanner & Juven, (1980) commented that as far as nitrosamine 
formation was concerned, SNC could not be recommended as a 
substitute for nitrite because of the transnitrosation from SNC to 
pyrrolidine. However, Fransham et al., (1981) found that less 
nitrosamines were formed in bacon using SNC as a curing agent than
when nitrite was used as a curing agent.
Dennis et al., (1980) concluded that when the "total nitrite" is 
partly due to protein-bound nitrosothiols, the formation of 
nitrosamines will not exceed that encountered when total nitrite
25
is exclusively present as "free nitrite" i.e. that the presence of 
protein-bound nitrosothiols will result in a reduced nitrosating 
power.
1.10.2 The antibacterial effect of S-nitrosocysteine 
Incze et al., (197-4) examined the antibacterial effect of 
crystalline' SNC - [prepared by the method of Mirna &. Hofmann, 
(1969)] on strains of Salmonella, Streptococcus faecium and spores 
and vegetative cells of Clostridium sporogenes. They incubated 
beef suspensions with 0-150 ppm nitrite or the equivalent SNC 
concentration before subjecting them to a heat treatment at or 
below 100°C. SNC was found to inhibit the outgrowth of bacteria 
in a similar manner to nitrite. However, it was even more 
effective than nitrite in inhibiting the growth of all the 
undesirable micro-organisms in beef suspensions.
Kanner & Juven, (1980) studied the effects of SNC - synthesised by 
them in solution - on spores of Clostridium sporoger|k. SNC and 
nitrite at 69 and 138 ppm nitrite equivalents were added to turkey 
meat suspensions heated to 68.5°C and the surviving viable 
endospores were counted. They found that SNC had anticlostridial 
activity, but on this occasion, it was less than that of sodium 
nitrite at equivalent concentrations.
1.10.3 The effect of S-nitrosocysteine on colour formation 
and prevention of oxidation
S-nitrosocysteine has been shown to act as an antioxidant in 
aqueous linoleate model systems and in ground cooked turkey
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meat,(Kanner & Juven, 1980). Kanner, (1979) found that SNC has 
an antioxidant activity only slightly lower than that of butylated 
hydroxytoluene.
Kanner & Juven, (1980) found that SNC, when added to cooked turkey 
meat, acted similarly to nitrite as a colour developing agent.
The colour development was achieved by 25 ppm sodium nitrite or 
the molecular weight equivalent of SNC. In addition, SNC could 
form the cured colour without enzymatic reducing systems or 
reducing compounds, two factors that are necessary for nitrite 
activation.
1.11 The Aim of this Research Project
As already mentioned, it is very important to reduce the level of 
sodium nitrite in cured meat products because of its association 
with N-nitrosamine formation. To date, much work has been carried 
out on methods of inhibiting N-nitrosation, but very little 
emphasis has been placed on finding an alternative curing agent to 
sodium nitrite. For this reason, the aim was to investigate the 
possible use of S-nitrosothiols as curing agents.
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PART II 
EXPERIMENTAL WORK
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2. PREPARATION OF S-NITROSOTHIOLS AND THE METHODS USED TO
ESTIMATE THEIR PURITY 
This section has been sub-divided into two further sections. The 
first section discusses the methods used to estimate the purity of 
the S-nitrosothiols whilst the second section describes their 
preparations and analyses.
The preparation of the three most promising S-nitrosothiols for 
use as alternative curing agents to nitrite, namely, SNC, S- 
nitroso N-acetyl-2,2-dimethylcysteine (SNADC) and S- 
nitrosoglutathione (SNG) are discussed in detail. The 
preparations of others are not so suitable, and thus only a brief 
description of their preparation has been included.
2.1 Methods Used to Estimate the Purity of S-Nitrosothiols
2.1.1 Adaptation of Saville.'s method (1958)
This method is based on the principle that when mercuric chloride 
is added to a S-nitrosothiol there is rapid hydrolysis resulting 
in the formation of complex I, (see below).
Hg ‘
R
Complex I
This complex, owing to the weakened N - S bond, is highly 
susceptible to nucleophilic attack by water molecules, which 
results in the formation of nitrous acid.This immediately reacts 
with sulphanilamide reagent to give a high yield of the diazonium
salt. The diazoniura salt is coupled with the amine N—(1 — 
naphthyl)-ethylenediamine (NED) to yield an intensely coloured azo 
dye. In addition, any nitrite which may contaminate the sample 
can be measured in a control determination omitting mercuric 
chloride.
Experimental details.
The following reagents were prepared:
Solution 1 0.5% sulphanilamide in 3M hydrochloric acid (HC1).
Solution C 1 Volume 1% aqueous solution mercuric chloride mixed 
with 4 volumes 3.4 % sulphanilamide in 0.4M HC1. 
Solution D 0.1% NED.
Procedure
S-Nitrosothiol solution (1.0 ml) was placed into each of 4 x 25 ml 
volumetric flasks. Solution C (10 ml)- was added to two of the 
flasks, whilst 10 ml solution 1 was added to the other two flasks. 
All flasks were made up to the mark with solution D. The flasks 
were left for 3 min. to ensure complete colour development; the 
absorbance was determined at 545 nm against a water blank. The 
nitrite concentration was obtained from a standard nitrite 
calibration curve, the S-nitrosothiol concentration was determined 
by difference.
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2.1.2 Extinction coefficient method for estimating the purity
of S-nitrosothiols
2.1.2.1 S-Nitrosocysteine
Mirna & Hofmann, (1969) prepared SNC in a crystalline form and 
showed that the compound had a .molar extinction coefficient
of 800 at 335 nm. Thus, an estimate of the purity of SNC can be 
determined by measuring the absorbance of an aqueous solution of 
nominal concentration 1.0 mM at 335 nm.
2.1.2.2 S-Nitroso N-acetyl-2,2-dimethylcysteine 
Ravichandran, (1979) stated that the .molar extinction 
coefficient at 341 nm for a micro-analytically pure sample of 
SNADC [m.p. = 152-154°C (dec)], dissolved in methanol, was 845. 
Thus, an estimate of the purity of the sample could be made by 
preparing a solution of SNADC in methanol (MeOH) of nominal 
concentration 1.0 mM and by determining its absorbance at 341 nm, 
where the reported millimolar extinction coefficient is 845.
SNADC is the most stable nitrosothiol and its structure has been 
determined by X-ray crystallography.
2.1.3 Elemental analysis
Elemental analysis was carried out by Butterworths on all the 
S-nitrosothiols prepared in an attempt to confirm their identity. 
The Chemistry Department at Surrey University also carried out one 
elemental analysis on SNADC.
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2.2 Preparation of S-Nitrosothiols
2.2.1 S-Nitrosocysteine
S-Nitrosocysteine is unstable and is particularly sensitive to 
heat, light and air. Thus, great care is essential in preparing, 
handling and storing this compound to ensure that there is minimum 
decomposition.
Preparation
Cysteine hydrochloride (5.48 g, 35 mmol.) was mixed with HC1 
(17ml, 1.0 M, 17 mmol.) in a 100 ml beaker. Sodium nitrite 
(2.09 g, 29 mmol.) was dissolved in water (8.0 ml) in another 100 
ml beaker. Both beakers were placed in an ice/salt bath at a 
temperature of -7°C. The sodium nitrite was added dropwise to the 
acidic cysteine hydrochloride soLution which was being stirred 
continuously. When all the sodium nitrite had been added red 
crystals started to form. The beaker was left for 15 min in the 
ice/salt bath before the suspension was filtered or centrifuged, 
washed with cold isopropanol to remove the water-soluble 
contaminants and then washed with cold diethylether to ensure 
complete removal of the isopropanol. The crystals were placed in 
a vacuum desiccator, for 10 min., to remove the last traces of 
diethylether. The desiccator was covered with aluminium foil to 
protect the crystals from the light. Finally, the crystals were 
sealed in ampoules under argon and stored in the freezer 
compartment of the refrigerator. This method of preparing SNC was 
based on that used by Mirna & Hofmann, (1969).
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Analysis
(1) . Saville's method and extinction coefficient method. 
Preparations of SNC had a purity ranging from 85-95$ on the basis 
of either the .molar extinction coefficient of 800 at 335 nm 
reported by Mirna & Hofmann, (1969)»(2.1.1.2) or by the use of 
Saville’s method, (2.1.1.1.). Contamination with nitrite, 
determined by the latter method, was usually of the order of 1$.
(2) Elemental analysis of S-nitrosocysteine
Expected: C(24.02), H(4.03), N(18-66), 0(31.94), SC21.35)
Found:. CC21.99), H(3.77), N(15.35), 0(30.62), S(19.64)
Corrected: C(24.06), H(4.13), N(16.80), 0(33.51), S(21.50)
From the results shown above it would appear that the SNC had lost 
a small amount of nitrogen. In addition, oxygen values were 
slightly higher than expected. The loss of nitrogen and increase 
of oxygen probably arises from the partial deamination of the 
primary amino group and its replacement by a hydroxyl ion.
However, the values for carbon, hydrogen and sulphur, when 
corrected, were all in good agreement with expected values. The 
analysis was corrected because the percentage of fusible elements 
added up to 91.37$.
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2.2.2 S-Nitrosoglutathione 
Preparation
Initially, SNG was prepared in a similar manner to SNC by reacting 
35 mmoles (10.7 g) reduced glutathione dissolved in 51 mmoles
1.0 M hydrochloric acid with 29 mmoles (2.09 g) sodium nitrite. 
However, the S-nitrosoderivative formed would not crystallise. 
Thus, the experiment was repeated using less water i-.e. stronger 
acid and more concentrated sodium nitrite solution because 
S-nitrosoglutathione is highly soluble in water. As there was 
still no precipitation a range of solvents was employed to 
precipitate the SNG; these included dioxan, isopropanol, 
n-propanol and ethanol. The "purity" of the crystals prepared 
from one reaction mixture which had been divided into four parts, 
each of which was precipitated with a different solvent, was 
determined from the absorbance at 335 nm of each batch of 
crystals.
Table 2.1 The absorbance of S-nitrosoglutathione precipitated 
from solution with different solvents.
Precipitant
Absorbance of 
1 mM solution 
§ 335 nm
Ethanol 0.96
N-Propanol 0.64
Dioxan .0.54
Isopropanol 0.52
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From Table 2.2 it is evident that ethanol is the best solvent for 
the precipitation of SNG if it is assumed that the higher the 
absorbance, the more pure the compound is. The optimum acid 
concentration was found to be approximately 3.3 MHC1. Stronger 
acid resulted in the production of large amounts of nitric oxide 
during the preparation of SNG and weaker acid concentrations 
retained the SNG in solution.
Thus, SNG was finally prepared in a similar manner to S- 
nitrosocysteine but less water was used in its preparation and 
ethanol was necessary to precipitate the SNG. Table 2.3 shows the 
exact quantities of the reagents used in the final preparation of 
SNG.
Table 2.2 Concentration of reactants used to prepare S-nitroso­
glutathione
Compound Amount
g-
used
mmoles
Glutathione (reduced) 10.7 35
HC1 (3.3M) 15.0 51
Sodium nitrite 2.0 29
Water 4.0 -
Analysis
(1) Saville's method
The 'purity' of S-nitrosoglutathione was determined by Saville's
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method (2.1.1.1). It was found to be 86% pure with a nitrite 
contamination of 4%.
(2) Elemental analysis
Expected (%): C(35.72), H(4.76), N(16.66), 0(33-31), S(9.55). 
Found (%): C(32.82), H(4.35), N(14.40), 0(27.59), S(8.56).
Expected ratio:C:H(7.50), C:N(2.14), C:0(1.07), C:S(3.74).
Found ratio: C:H(7.54), C:N(2.28), C:0(1.19), C:S(3.83).
SNG proved to be very unstable and was reported by the analyst to 
break down during weighing. On analysis, the percentage of 
fusible elements added up to 87.72%. Nevertheless, the ratios of 
the carbon content to those of the other elements determined were 
in reasonable agreement with those expected, as is shown above, 
indicating that the residue was composed of non-fusible components 
such as salt.
2.2.3 S-Nitroso-N-acetyl-2,2-dimethylcysteine 
Preparation
Field, (1978) prepared SNADC as a stable green solid, red by 
reflectance, m.p. 152-154° (dec) by the following method:
Sodium nitrite (1.38 g, 20 mmol.) in water (20 ml) was added over 
20 min. to N-acety1-2,2-dimethylcysteine (ADC) (1.92 g, 10 
mmol.).dissolved in a mixture of 20 ml methanol, 20 ml HC1(1M) and
2.0 ml sulphuric acid (cone.) (I^SO^), whilst the ADC solution was 
vigorously stirred. The reaction mixture was stirred for a 
further 15 min before separating the crystals by filtration', 
washing well with water and air drying.
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However, on re p e a t in g  t h i s  m ethod, ADC was i n i t i a l l y  found to  be 
in s o lu b le  in  th e  MeOH:HCl:H SO^ s o lu t io n .  ADC was e v e n tu a lly  
d is s o lv e d  by add ing  i t  g ra d u a lly  to  warm m e tha n o l, then  add ing  th e  
two a c id s  w h i ls t  v ig o ro u s ly  s t i r r i n g  the  s o lu t io n .
After drying, the crystals were purified by dissolving them in the 
minimum amount of methanol, then adding 25 ml water. Crystals 
prepared in this way had a melting point with decomposition 
148-149°C. .Cut. rn.pt; )S£-i SifC (d€co™p.) , fietc) , \CH ^ )
Analysis
(1) Ultraviolet and visible spectrophotometry
SNADC was dissolved in methanol and showed characteristic peaks at 
228, 341 and 595 nm (Ravichandran 1978).
(2) Extinction coefficient at 341 nm
The ’purity’ of the sample was also measured by the extinction 
coefficient method [2.1.1.2(b)]. Preparations of SNADC had a 
purity of 97—103% on the basis of the value given by Ravichandran, 
(1979).
(3) Saville’s method
Saville’s method could not be used to estimate the purity of SNADC 
because SNADC broke down to nitrite even in the absence of 
mercuric chloride.
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(4) Elemental analysis
Expected (56) C(38.18), H(5.49), N(12.72), 0(29.06), S(14.55)•
Found (%) Analyst 1 0(38.33), H(5.85), N(12.22), 0(NA), S(NA).
Analyst 2 0(37.12), H(5.33), N(11.37), 0(29.54), S(16.64).
The results obtained from analyst 1, who was unable to determine 
sulphur and oxygen, were in reasonable agreement with what was 
expected from the molecular formula. However, the carbon and 
nitrogen values determined by analyst 2 were somewhat lower than 
anticipated for material prepared by the same method. The lower 
nit-rogen-oonten-t—oou-ld ■ have arisen from partial' deamination of-the 
primary-ami no group v/hich—is—bo-rno out by-the somewhat greater 
oxygen, content than-the theoretical.— However, no explanation oaa- 
-jt>c—gi-vcft—for t-ho greater sulphur- content than anticipated.
2.2.4 Preparation of other S-nitrosothiols
Attempts have been made to .prepare the S-nitroso derivatives of a 
number of other thiols as potential curing agents. S-Nitrosothio- 
malic acid and -thioglycollic acid were prepared in solution hut 
attempts to crystallise or precipitate them were unsuccessful; 
further, they were accompanied by an obnoxious smell which would 
not find favour in a food additive. Similar attempts were made to 
form the S-nitroso derivative of 2,2-dimethylcysteine which is 
available commercially at a reasonable price. However, its 
decomposition was obvious during the addition of nitrite at acid 
pH. According to Field et al., (1978), the S-nitroso- 
2,2-dimethylcysteine breaks down to 2,2-dimethylthiirancarboxylic 
acid with the release of nitrogen.
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2.3 Discussion
The two S-nitrosothiols which were chosen to be examined in 
greater detail were S-nitrosocysteine and S-nitroso-N-acetyl-2,2- 
dimethylcysteine. S-nitrosocysteine is thought to be formed in 
cured meat, as cysteine is a naturally occurring amino acid.
SNADC would not be formed in cured meat. It is a stable compound 
which is relatively easy to prepare and can be stored for at least 
a year in a stoppered vessel at room temperature.
The preparation and storage of SNC and SNG require carefully 
controlled conditions. However, SNC and SNG would probably be 
accepted as food additives because of their presence in meat. 
Elemental analysis of SNC and SNADC were in reasonable agreement 
with expected values. However, SNG was so unstable that accurate 
elemental analysis, was not possible.
Other S-nitrosothiols considered were S-nitrosothiomalic acid and 
S-nitrosothioglycollic acid, but they had objectionable odours and 
could not be crystallised. S-nitrosodimethylcysteine was not ■ 
stable and broke down immediately on formation.
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3. STABILITY OF S-NITROSOTHIOLS IN BRINE
The stability of SNC and SNADC studied in brines containing
23% w/v salt. Originally it was hoped to examine the stability of 
these S-nitrosothiols in brines containing 21% w/v salt plus 1% 
w/v phosphate but, this concentration resulted in a supersaturated 
solution. A brine containing 1% phosphate and 21% salt was chosen 
because this concentration is used industrially, however, a 
special blend of phosphates is usually used containing sodium 
tripolyphosphate with some of the higher phosphates e.g. calgon 
and a little caustic soda if there is no restriction on pH. Thus, 
as a blended phosphate was unavailable, the stability of S- 
nitrosothiols in a range of buffered brines was examined. Two 
buffering systems were used, namely Mcllvaine’s buffer containing 
phosphate and a phosphate free 2,2-dimethylglutaric acid-sodium 
hydroxide buffer, (Dawson et al., 1969) to establish the effect of 
phosphate and of pH on the stability of the S-nitrosothiols.
3.1 Methods Used to Determine Stability
3.1.1. Stability of SNC and SNADC in unbuffered brines
SNC or SNADC, at a concentration of (0.05% w/v 500 ppm), was added
to’ a solution containing 23% salt to form a curing brine. The
brine was stored for 4.5 hours at about 5°C while measurements
were made by Saville’s method (2.1.1) and the Extinction
Coefficient method (2.1.2) to determine the purity of SNC and
SNADC, respectively. The decrease in purity was taken as a
measure of the rate of breakdown of the S-nitrosothiols.
Saville’s method was also used in this experiment to measure the 
nitrite contamination of SNC.
40
3.1.2 Stability of SNADC in buffered brines 
The stability of the more stable and more easily prepared 
S-nitrosothiol, SNADC, was examined in two buffered brine systems, 
namely Mcllvaine’s buffer (pH 2.6 - 7.6) and 2,2-Dimethylglutaric 
acid-sodium hydroxide buffer (pH 3.2 - 7.6). Salt (24 g) and 
0.05 g SNADC were dissolved in 76 ml buffer and the pH adjusted to 
give values of 5.1, 6.1, 7.1 and 7.8 with Mcllvaine’s buffer and 
4.8, 5.4, 5.9 or 6.2 with the 2,2-Dimethylglutaric acid - sodium 
hydroxide buffer. The purity was measured over a 24 h storage 
period at 5°C, using the extinction coefficient method (2.1.2).
3.2.1 Stability of SNC and SNADC in unbuffered brine
There was a gradual decrease in the concentration of SNC in brine 
during the 4.5 h storage period with a corresponding increase in 
the production of sodium nitrite. The SNC concentration decreased 
from 86% to 77% over this period. SNADC decreased more 
dramatically in concentration from 100% to 78% during storage. 
These results are illustrated in Fig. 3*1.
3.2.2 Stability of SNADC in buffered brine
Table 3.1 in the Appendix and Fig. 3.2 and 3.3 show the percentage 
retention of SNADC in the two buffered brine systems over a 24 h 
storage period. With only one exception, there was a decrease in 
concentration with increasing pH with or without phosphate in the 
buffer. The effect was quite dramatic at the higher pH’s of 7.1 
and 7.8 (Mcllvaine’s Buffer). This is in agreement with the 
findings of Hamm & Hofmann, (1969) who stated that SNC exhibited a
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decrease in stability with increasing pH. It would appear from 
the results obtained at pH 6.1 - 6.2 that SNADC was less stable in
2,2-dimethylglutaric acid-sodium hydroxide buffer than in 
Mcllvaine’s buffer.
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4. COLOUR FORMATION IN MEAT PATTIES
The formation and rate of fading of colour in patties cured with 
50 ppm sodium nitrite and 12, 25 and 50 ppm sodium nitrite 
equivalent of S-nitrosocysteine and S-nitroso-N-acetyl-
2,2-dimethylcysteine were investigated. Patties were prepared and 
stored under light and in the dark, in vacuum-packs and in air. 
Some patties were also cooked and held under these storage 
conditions. The colour formation and fading rate of the patties 
were examined by chemical, visual and mechanical means; by use of 
chemical analysis, a panel and a Gardner colorimeter, 
respectively. Residual nitrite in the patties throughout storage 
was also measured as this may form N-nitrosamines.
4.1 Experimental Details
4.1.1 Preparation of meat for patties
Sufficient pork shoulder and leg meat was purchased for all 
experiments. The meat was trimmed of all visible fat, cut into 3 
cm cubes and mixed before storage at -18°C. Prior to each 
experiment, the required amount of meat was thawed at 5°C and . 
minced twice through a 3 mm plate.
4.1.2 Preparation of S-nitrosothiols
SNC and SNADC were prepared and the purity was estimated by 
Saville’s method (2.1.1) for SNC and by the Extinction Coefficient 
method (2.1.2) for both SNC and SNADC. On a few occasions the 
purity of SNC was such that the level of addition of SNC was 
increased slightly to give a constant concentration of the 
S-nitrosothiol.
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Concentrations of S-nitrosothiols are quoted throughout this 
thesis as a molecular weight equivalent of sodium nitrite i.e. 25, 
55 and 109 ppm SNC are equivalent to 12, 25 and 50 ppm sodium 
nitrite, respectively. Similarly, 40, 80 and 160 ppm SNADC are 
equivalent to 12, 25 and 50 ppm sodium nitrite.
4.1.3 Preparation of the curing brine
Stock solutions of each of the curing additives were made up at a 
concentration ten times that of the highest level intended in the 
patties. SNC and sodium nitrite were readily soluble in water, 
however, the addition of a small amount of methanol, (c.a. 8% of 
the total volume) was required to predissolve the SNADC. One 
tenth volume of the S-nitrosothiol stock solution was mixed with 
the salt immediately before addition to the meat. The salt would 
not dissolve in the SNADC solution so care was taken to ensure 
that all the suspended salt was transferred to the mixing bowl.
4.1.4 Preparation of meat patties
Pork meat was placed in a bowl and the curing brine was added. 
Thorough mixing was achieved by mixing in a Hobart N-50 planetary 
mixer on slow speed for 2 minutes. 23 g portions of the meat mix 
were weighed into vacuum-packs and pressed in a burger press to 
form patties of a constant diameter and thickness. The packs were 
sealed in a vacuum-packing machine. Table 4.1 shows the 
composition of the patties.
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Table 4.1 Composition of pork patties
Formula
Code
Pork 
Meat (%)
Salt
(%)
Water
(%)
Curing Additive 
(ppm nitrite equiv.) 
SNC SNADC NaN02
A 87 3 10 50 -
B 87 3 10 25 -
C 87 3 10 12 -
D 87 3 10 - 50
E 87 3 10 - 25
. F 87 3 10 - 12
G 87 3 10 - 50
4.1.5 Cooking of patties
Patties, in their vacuum packs, were placed in a water bath at 
70°C for 10 min. After cooking the packs were cooled rapidly in 
iced water. These patties were prepared for analysis only - none 
of them were tasted.
4.1.6 Storage of patties
(1) Packaging
Vacuum: The patties were left in their vacuum-packs.
Air: Patties were removed from their vacuum-packs and wrapped
in stretch film with high oxygen permeability.
(2) Illumination
Packs were stored, either in the dark, or in the light in a fading 
cabinet containing two 20 watt artificial daylight fluorescent
tubes (Thorn). Both light and dark stored samples were kept in a 
refrigerated room at approximately 5°C.
(3) Length of storage
Samples were stored for a maximum of three weeks, or until colour 
was unacceptable, or until the samples were putrid.
(4) Experimental conditions to which cured patties were subjected 
Experiments I and V: patties were placed in vacuum-packs some
under light and some under dark conditions on day of manufacture.
Experiments II and VI. Patties were held in vacuum-packs under 
dark storage conditions for 60 h from the time of manufacture.
They were then removed from their packs and wrapped in air 
permeable film before storing, some under light and some under 
dark conditions.
Experiments III and VII. Patties were held in vacuum-packs under 
dark storage conditions for 60 h from the time of manufacture.
They were then cooked and cooled before storing, some in the light 
and some in the dark.
Experiment IV and VIII. Patties were held in vacuum-packs under 
dark storage conditions for 60 h from the time of manufacture.
The.patties were then cooked, cooled, dark stored for 24 h, 
removed from vacuum-packs and wrapped in air permeable film before 
placing some under light and some under dark storage conditions. A 
summary of these experimental conditions is illustrated in Table 
4.2.
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Table 4.2 Experimental conditions to which patties were subjected
Experiment
No. Condition of experiment
Patty formula 
codes
Sequence (partly 
randomised)
I Raw, SNC, vac pack A,B,C,G 1
II Raw, SNC, in air A, B, C, G 4
III Cooked, SNC, vac pack A, B, C, G 5
IV Cooked, SNC, in air A, B, C, G 2
V Raw, SNADC, vac pack D,E,F,G 3
VI Raw, SNADC, in air D,E,F,G 8
VII Cooked, SNADC, vac pack D,E,F,G 7
VIII Cooked, SNADC, in air D,E,F,G 6
4.1.7 Analysis carried out throughout storage
4.1.7.1 Colour assessment
(a) By panel
The colour of the patties was assessed throughout storage at time 
intervals dependent on the rate at which patties faded. 
Assessments were made more frequently for air-stored samples than 
for vacuum-packed samples. Storage times for the former were 
calculated in hours rather than days.
For assessment purposes, patties were displayed in a light box at 
an angle of 45° to the light source.. Panels, consisting of 
between 6 to 9 people, were- asked to score patties for redness in 
raw samples and pinkness in cooked samples using the assessment 
form shown in Fig. 4.1 in the Appendix. A seven point scale
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ranging from -1 to +5, with no half marks was used. The scale was 
anchored at two points,with control patties which were presented 
on every occasion. Control A was a vacuum-packed sample, either 
raw or cooked as appropriate, containing salt and no sodium 
nitrite and rated 0 on the scale. Control B was again a raw or 
cooked vacuum packed sample, but rated 4 on the scale and 
containing salt and 100 ppm sodium nitrite.
On every occasion three S-nitrosothiol patties and a 50 ppm sodium 
nitrite control patty were assessed by the panel and the mean 
panel scores were calculated and plotted against storage time to 
give fading curves. Panel scores of between 3 and 5 were 
considered acceptable in terms of colour.
In addition, the average amount of colour formed by each level of 
curing agent throughout storage was obtained by calculating the 
mean of all the panel scores. A one tailed 1t1 test was then 
carried out between the 50 ppm nitrite prepared patties and those 
from each of the three levels of S-nitrosothiol to determine 
whether or not there was a statistically significant difference 
between each level curing agent and the 50 ppm nitrite cured 
patties.
(b) By Gardner Colorimeter
The.colour of patties from experiments I and V only were assessed 
throughout storage using a Gardner Tristimulus Colorimeter.
P a t t ie s  were p laced  over the  sample p o r t  -  a sm a ll a p e r tu re  -  and 
covered w ith  a w h ite  t i l e .  Three re a d in g s  were taken  on random ly 
s e le c te d  a reas o f  each p a t t y .  Two p a t t ie s  were a n a lyse d  each t im e .  
Thus, s ix  re a d in g s  were o b ta in e d  f o r  each e x p e r im e n ta l c o n d i t io n  
examined.
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The Gardner Colorimeter uses the Hunter, (1958) L.a.b. units of
measurement where:
’L’ is an index of lightness, the higher the units the lighter the 
colour, e.g. 100 = white, -100 = black.
’a’ is the index of redness/greeness, the more positive the 
reading the redder the colour, the more negative, the greener the 
colour, where 0 is neutral or grey.
1 b 1 is similarly, a measure of yellowness/blueness, positive for 
yellowness, negative for blueness.
The colorimeter was standardised regularly between readings by 
checking L, a and b values of a standard reference tile.
4.1.7•2 Nitrite analysis
The standard Leatherhead Food RA method (Barke, 1981) was used to 
determine nitrite concentrations with the exception that borax was 
omitted from the extraction stage because stability studies 
suggested that higher pH’s favoured breakdown of S-nitrosothiols, 
with the possible formation of nitrite.
Preparation of reagents
Distilled or deionised water was used throughout the experiments. 
Carrez I
Zinc acetate (219 g) and 30 ml glacial acetic acid were dissolved 
in deionised water and diluted to 1000 ml.
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Carrez II
Potassium ferrocyanide (106 g) was dissolved in deionised water 
and made up to 1000 ml with deionised water.
0.1% Sulphanilamide/Hydrochloric acid
Sulphanilamide (1 g) was dissolved in 600 ml deionised water.
This was cooled and 400 ml 5 M HC1 was added.
0.1% NED
MED (0.1 g) was dissolved in deionised water and made up to 100 ml 
with deionised water.
Method
The minced up sample (10 g) was homogenised with 45 ml warm 
deionised water and the resulting suspension washed into a 250 ml 
volumetric flask. Care was taken to ensure that the volume was 
kept below 200 ml. Carrez I reagent (5.0 ml) was added and this 
was well shaken. Carrez II (5.0 ml) was then added and shaken.
The solution was made up to the mark with deionised water, shaken 
again and then filtered through a glass fibre filter paper. The 
clear extract (20 ml) was pipetted into a 50 ml volumetric flask. 
The sulphanilamide/hydrochloric acid reagent solution (10.0 ml) 
was added, the flask was shaken and left to stand for 3 min. NED 
solution (1.0 ml) was added, the solution made up to 50 ml with 
deionised water, shaken and allowed to stand away from direct 
sunlight for 10-25 min. The absorbance was determined at 538 nm 
against a water blank. The concentration of sodium nitrite was 
determined from a standard calibration curve.
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Residual nitrite was measured at 24 h intervals for the first 3 
days of storage and then at about 3 day intervals for a maximum of 
3 weeks or until the colour was unacceptable.
4.1.7.3 The Hornsey method of determination of meat pigments
(1956) - slightly modified for comminuted meat systems 
Nitrosyl pigment determination
The sample (10.0g) was homogenised with 40 ml acetone and 3 ml 
water. The meat slurry was held in the dark for 30 min. at room 
temperature then filtered through a Whatman No. 1 filter paper.
The absorbance of the extract was measured at 540 nm against an 
acetone/water blank.
Total haem pigments
The sample (10.0 g) was homogenised with 40 ml acetone, 2 ml water 
and 1 ml cone. HC1. The meat slurry was held in the dark for 1 h 
at room temperature before filtration. The absorbance of the 
filtrate was read against an acetone/water blank at 640 nm.
Using the following calculation the total pigments and extracted 
nitrosyl pigments were expressed in terms of parts per million 
haematin.
nitrosyl pigments = (absorption at 540 nm) x 290 
total pigments = (absorption at 640 nm) x 680.
The.ratio of the absorptions for the total pigment readings at 512 
and 640 nm should not be greater than 2.0. Higher values are 
indicative of the presence of non haem pigments.
The percentage conversion of haem pigments to the nitrosyl form 
was calculated using the following equation:
nitrosyl pigments produced
---------------:---------- X 100
total pigments
4.2 Results and Discussion •
4.2.1 Colour formation and stability of patties throughout
storage
(1) Raw, vacuum-packed patties
The changes in panel colour scores and Gardner ’a' values (redness 
measurement) during storage in light and dark conditions are 
illustrated in Figs 4.2 and 4.3 and Tables 4.3 - 4.6 showing the 
scores are given in the Appendix. Patterns of fading observed 
with both methods of colour measurement are in reasonable 
agreement.
For dark stored samples, initial cured colour development was more 
rapid in the 50 ppm nitrite equivalent S-nitrosothiol patties than 
in the 50 ppm sodium nitrite control patties. The first colour 
measurement was carried out at 18 h after manufacture (Day 0 of 
storage) and at this time the test patties recorded higher colour 
scores and higher ?a’ values than the control patties. After 
about 40 h dark storage, there was no recordable difference in 
colour. The more rapid cured colour formation in the patties 
prepared using 50 ppm nitrite equivalent of S-nitrosothiols may 
have been due.to these compounds decomposing more readily to 
nitric oxide in comparison with the reduction of sodium nitrite.
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After colour development was complete, the control and test 
patties containing 50 ppm nitrite, or the equivalent concentration 
of each S-nitrosothiol, faded at similar rates. The patties 
containing the lower S-nitrosothiol levels (12 and 25 ppm nitrite- 
equivalent) faded at faster rates. The fading of meat patties 
prepared with nitrite was in broad agreement with the findings of 
similar previous studies, (Manning, 1981). Statistical analysis 
of the mean panel colour scores showed, at the 95% confidence
limit, that there was no statistical difference in the total
amount of colour formed over the complete storage period for all 
levels of SNC. However, there was statistically less colour 
formed in patties cured with 12 and 25 ppm nitrite equivalent
SNADC but not in patties cured with 50 ppm nitrite equivalent
SNADC.
For light stored samples there was little difference in rates of 
initial cured colour development (see Figs 4.2 and 4.3 and 
Tables 4.5 and 4.6 in the Appendix). Possibly, light increased 
the rate of colour formation in the nitrite control patties.
Light also appeared to increase colour stability slightly in the 
nitrite control patties during the first 14 days of storage. 
Statistical analysis of the total colour formed over the complete 
storage period indicated that less colour than that produced using 
50 ppm NaNO^ was formed only when using 12 ppm S-nitrosothiol.
This was determined at the 95$ confidence limit.
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(2) Raw, air-stored patties
The changes in panel colour scores during storage in light and 
dark conditions are shown in Fig. 4.4 and in Tables 4.7 and 4.8 in 
the Appendix. During dark storage, patties with the two lower 
levels of S-nitrosothiol, namely 12 and 25 ppm nitrite equivalent, 
faded at proportionately faster rates than the patties prepared 
with 50 ppm nitrite. Patties containing S-nitrosothiol, 50 ppm 
nitrite equivalent, faded more slowly than the 50 ppm sodium 
nitrite control patties. During light storage, fading was very 
rapid in the nitrite control patties and at all levels of S- 
nitrosothiol in the test patties. Little difference was observed 
in fading rates and all patties became unacceptable within 2 to 3 
hours of storage. All the patties were poor in colour from two 
hours after manufacture.
(3) Cooked, vacuum-packed patties
The changes in panel colour, scores during storage in light 
conditions and dark conditions are shown in Fig. 4.5 and Tables 
4.9 and 4.10 in the Appendix. When stored in the dark, patties 
containing S-nitrosocysteine tended to fade in an irregular 
pattern causing an overall patchiness in the colour. Where the 
colour was patchy, it was possible to score the patties with more 
than one value. In these cases the value given for the largest 
area of colour was used as the colour score. Where this was done, 
the points on the fading curves are joined by broken lines.
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Patties containing S-nitrosothiols at a concentration of 12 ppm 
and 25 ppm nitrite equivalent under both light and dark storage 
conditions formed less cooked cured colour than those patties 
containing the 50 ppm nitrite equivalent S-nitrosothiol or the 
50 ppm nitrite control.
Little difference was observed in the rates of fading for 50 ppm 
nitrite control patties and those produced using 50 ppm nitrite 
equivalent S-nitrosothiol, under dark storage. However, under 
light storage, patties with 50 ppm nitrite equivalent s of S- 
nitrosothiol appeared to fade slightly faster than the nitrite 
control. Statistical analysis, at the 95% confidence level 
confirmed that 50 ppm nitrite equivalent SNC (light stored) and 
SNADC (light and dark stored) formed less colour than the nitrite 
cured patties.
Patties containing S-nitrosothiols at an equivalent nitrite 
concentration of 12 and 25 ppm faded at faster rates than the 50 
ppm nitrite control patties under both storage conditions. Only 
small differences in rates of fading were found between the two 
lowest levels of S-nitrosothiols.
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(4) Cooked, air-stored patties
The changes in panel colour scores during storage in light and in 
dark conditions are shown in Fig. 4.6 and Tables 4.11 and 4.12 in 
the Appendix. During dark storage, patties containing SNC (25 and 
50 ppm nitrite equivalent) faded at similar rates to the 50 ppm 
nitrite control. With SNADC, 50 ppm nitrite equivalent patties 
faded at the same rate as the control whilst those containing 
25 ppm nitrite equivalent SNADC faded more quickly than the 
nitrite control samples.
During light storage fading was very rapid in the nitrite control 
patties and at all levels of S-nitrosothiols in the test patties. 
All patties were unacceptable within the first 2 hours of storage. 
There were only very small differences in fading rates.
4.2.2 Residual nitrite levels throughout storage of the patties
The residual nitrite contents of the patties measured throughout
their storage are shown in Fig. 4.7 and in Tables 4.13 in the
Appendix. In the nitrite control patties, 50 ppm initial
concentration, the residual nitrite content diminished slowly with
time as expected. However, in the test patties containing either
of the S-nitrosothiols, the initial very low nitrite level
remained relatively constant throughout storage. The decreased
amount nitrite in the test patties did not appear to increase the
flilvit'e
rate of spoilage (as detected by smell) over that of the^control 
patties.
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4.2.3 Nitrosyl pigment formation throughout storage 
Table 4.14 shows the percentage conversion of haem. pigments 
myoglobin and haemoglobin, to their nitrosyl forms in raw, vacuum- 
packed patties held under dark storage conditions for 72 hours.
The total haem pigment content of the patties was found to be 52 
ppm, expressed as acid haematin in the raw patties.
Table 4.14 Percentage conversion of haem pigments to the nitrosyl 
form in raw, vacuum-packed patties - dark storage
Level of addition Percentage conversion of
Curing agent of curing agent haem pigment after 72 hours
(ppm nitrite equivalent)
SNC 12 44.7 - 55.3
25 47.4-68.6
50 52.2 - 67.8
SNADC 12 47.4-48.6
25 59.9 - 64.1
50 72.9 - 73.2
NaN02 50 62.1 - 71.9
In general, there appeared to be a trend towards increasing 
conversion into the nitrosyl form with increasing initial levels 
of S-nitrosothiols. Manning, (1979) used a similar cured pork 
model system with initial nitrite levels ranging from 5 to 
150 ppm, and concluded that conversion to the nitrosyl form of the
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pigment seemed independent of nitrite concentration at and above 
10 ppm.
The trend to increase percentage conversion with increasing 
concentration of curing additive is clearer with SNADC than with SNC. 
SNADC is a more stable compound than SNC and at the time of addition to 
the model system the purity of the former was always greater. Analysis 
of the preparations of SNC shows a small proportion of contaminating 
nitrite to be present, although residual nitrite values for patties 
containing both SNC and SNADC were similar. Thus, it is possible that 
this small amount of contaminating nitrite may have contributed to the 
formation of the nitrosyl haem, in this way giving higher percentage 
conversions at the lower SNC levels.
Both S-nitrosothiols at the 50 ppm nitrite equivalent level form 
approximately the same amount of nitrosyl pigment as 50 ppm sodium 
nitrite.
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5. NITROSAMINE FORMATION IN MEAT PATTIES 
Three studies were carried out to determine the amounts of 
volatile N-nitrosamines formed when meat patties were cured with 
sodium nitrite, S-nitrosocysteine and S-nitroso-N-acetyl-2, 
2-dimethyleysteine in an effort to establish whether SNC and/or 
SNADC formed smaller amounts of volatile N-nitrosamines than 
nitrite in a cured meat product.
Initially, the effect of increasing the concentration of curing 
agent was examined. The nitrosation of amines in fried bacon can 
be influenced by pH and particularly by its fat content, therefore 
the formation of volatile N-nitrosamines in comminuted meat 
patties, high or low in fat content and pH was examined.
Massey, (1978) suggested that when a nitrite scavenging agent, 
e.g. ascorbic acid, was present in a meat system the formation of 
NPYR would be reduced. Thus, a third study was carried out to 
establish whether or not this was the case in patties cured with 
nitrite and S-nitroso-N-acetyl-2,2-dimethylcysteine.
5.1 Experimental Details
5.1.1 Measurement of the pH of meat
A small meat sample was minced and mixed with twice its weight of 
water, i.e. a 2:1 water-to-meat slurry was made. This mixture was 
allowed to stand for twenty minutes and then its pH was measured 
by the insertion of a probe from a Pye model 78 pH meter.
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5.1.2 Preparation of patties
Sufficient pork shoulder and back fat for each study was trimmed, 
cubed, mixed and frozen before each study began.
(1) Study one
For the first study, 100% pork shoulder patties were prepared from 
pH 5.6 meat by adding 10 ml of either 0.025, 0.05 and 0.1% sodium 
nitrite solution, 0.08, 0.16 or 0.32% SNADC solution or 0.05, 0.11 
or 0.22 SNC solution to the meat. Just prior to the addition of 
the curing solution to the meat 3 g salt (for each 100 g batch) 
was added to the curing solution. Patties were prepared and 
formed as in (4.1.4). Table 5.1 shows the composition of these 
patties.
Table 5.1 Composition of patties prepared for volatile 
N-nitrosamine analysis - Study I
Constituents of patties Weight (g)
Lean pork shoulder 87.0
Water* 10.0
Salt 3.0
*Water containing 0.0025, 0.005 or 0.01 g NaNO^ or 0.008, 0.016 or 
0.032 g SNADC or 0.005, 0.011 or 0.022 g SMC
(2) Study two
The second study used pH 5.62 and 5.84 meat with the addition of 
30% or 50% fat. Backfat was carefully mixed with the lean pork
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shoulder and 10 ml of 0.1% sodium nitrite or 0.32% SNADC solutions 
(100 ppm nitrite equivalent) was added to the meat and fat along 
with 3 g salt (for every 100 g batch). This was mixed in a Hobart 
mixer as before. Tables 5.2 and 5.3 show the composition of 
patties for this study.
Table 5.2 Composition of patties prepared for volatile 
N-nitrosamine analysis - Study II,
Constitu/ents of patties Weight (g) 
High fat** Low fat
Lean pork 43.5 60.9
Pork backfat 43.5 26.1
Water* 10.0 10.0
Salt 3.0 3.0
Lean: fat ratio 50:50 70:30
*Water containing 0.010 g NaNO^ or 0.032 g SNADC
**High fat patty used for Study III
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Table 5.3 Composition code for patties prepared for volatile 
N-nitrosanjje analysis - Study III
Compositiori Code
A B C D E F G H
Curing agent NaNCL2 NaN02 NaN02 NaN02 SNADC SNADC SNADC SNADC
Fat content High High Low Low High High Low Low
pH High Low High Low High Low High Low
(3) Study three
In the third study, high fat patties were prepared and cured with 
100 ppm nitrite or 100 ppm nitrite equivalent of SNADC as in study 
two. However, 300 ppm sodium ascorbate was added, predissolved in 
the brine, to four batches of patties - two cured with SNADC and 
two cured with sodium nitrite. One batch of patties cured with 
sodium nitrite and one with SNADC had no sodium ascorbate added 
and these served as controls.
5.1.3 Storage conditions
Patties from all three studies were individually vacuum-packed and 
stored in the dark at 5°C. In the first study, they were analysed 
after 2.5 and 9*5 days. In the second study, patties were held in 
vacuum-packs for 2.5 days then removed from the packs and air- 
stored at 5°C in the dark for a further 7 days. The third study 
involved storage for 2.5 days only.
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5.1.4 Analysis
5.1.4.1 Residual nitrite (4.1.7.2)
In the first and second studies, nitrite analysis were carried out 
in duplicate in every batch of patties prepared. However, in the 
third study, no nitrite determinations were carried out.
5.1.4.2 pH measurements •
pH measurements were made after both storage times for each patty 
composition in the second study.
5.1.4.3 Volatile N-nitrosamine analysis
(1) Frying of patties
Heat patties were fried, after each storage period, for four 
minutes each side in a thermostatically controlled frying pan with 
the thermostat set at 375°F. The pan was equipped with a closely 
fitting lid with small vent holes. Steam produced during the 
frying process was trapped by an inverted funnel placed over the 
vents and conveyed under slight suction from a water pump for 
collection in a flask cooled in an ice bath. This apparatus is 
shown in Fig. 5.1
In the first study, both the condensate and cooked patties + fat 
were analysed for N-nitrosamines. However, in the second and 
third studies, only the condensate was analysed for N- 
nitrosamines. This was because only very small amounts of 
volatile N-nitrosamines remained in the patties and because of 
lack of time and funds.
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(2) Vacuum distillation of fried meat patties 
(Telling et al.t 1975)
The patties and excess fat from the pan, approximately 100 g were 
minced and homogenised with 150 ml distilled water and washed into 
a flange topped flask with a further 100 ml of distilled water. 
Salt was added to a concentration of 10$ w/v and the lid was 
clamped firmly on to the flask. The flask was placed in a water 
bath at 50-55°C. A splash head was attached to the flask to 
ensure that none of the meat slurry splashed over into the air 
condenser which preceded a receiving flask cooled to -78°C in a 
methanol/solid carbon dioxide bath. The meat slurry was kept 
gently boiling by maintaining the pressure at about 15 mm Hg. The 
distillate was frozen immediately on entering the receiving flask. 
When all the water vapour had been distilled, the vacuum pump was 
switched off and the apparatus was dismantled. The distillate was 
allowed to melt in the refrigerator before being extracted with 
dichloromethane.
The steam initially distilled from the patties during frying 
obviously did not require any further distillation, so after the 
cooked patties and fat were vacuum distilled, they were treated in 
a similar manner to the condensate collected during the frying of 
the patties. Fig. 5.2, in the Appendix, outlines the procedure 
used for the volatile N-nitrosamine analysis of meat patties.
(3) Extraction with dichloromethane
Salt was added to each condensate to a concentration of 10$ 
w/v,(Scanlan, 1975) before extraction with 3 x 50 ml DCM. The 
separating funnel and receiving flask were protected from light by
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wrapping in aluminium foil. After careful separation of the 
phases, sodium sulphate (anhydrous) was added to the bulked 
dichloromethane extracts and the flasks were left overnight in the 
refrigerator to remove any water. Sodium sulphate was then 
filtered off and a little magnesium sulphate (anhydrous) added to 
the filtered distillates to ensure complete removal of water. The 
extracts were returned to the refrigerator for a further three 
hours and filtered into Kuderna-Danish evaporators.
(4) Evaporation of dichloromethane
A Kuderna-Danish evaporator with an air condenser attached was 
placed in a water bath at 55°C. Initially, care was taken to 
ensure that the level of dichloromethane was above the level of 
water to prevent excessive frothing and losses of the volatile N- 
nitrosamines. Near the end of the process, the air condenser was 
removed to allow the evaporation of dichloromethane down to a 
volume of 0.5 ml. A drawing of the Kuderna-Danish evaporator is 
shown in Fig. 5.3 in the Appendix.
(5) Analysis of volatile N-nitrosamines
Individual volatile N-nitrosamines were determined in 5 |il of the 
dichloromethane extracts through the use of a gas chromatographic 
column with a thermal energy analyser as a specific detector as 
described by Fine etal., (1975).
65
5.2 Results and Discussion
5.2.1 The effect of increasing the concentration of curing agent 
on volatile N-nitrosamine formation 
Tables 5.4 and 5.5 in the Appendix, and Figs 5.4 and 5.5 present 
the results obtained for the production of volatile N-nitrosamines 
during the frying of meat patties prepared using the curing 
agents, nitrite, SNC and SNADC at nitrite equivalent- 
concentrations of 25, 50 and 100 ppm. After storage for 2.5 and 
9.5 days before frying, there was an increase in volatile 
N-nitrosamines as the nitrite levels increased. A similar 
relationship was established between the formation of N- 
nitrosamines and the levels of SNC and SNADC. In all cases, 
however, a considerable decrease in N-nitrosamine formation was 
evident when nitrite was replaced by SNC or SNADC at equivalent 
molar concentrations. The main N-nitrosamines found were NDMA and 
NPYR. Very small quantities of other N-nitrosamines were found 
i.e. NDEA, NPip, N-nitroso-di-propylamine (NDPA), NDBA and N- 
nitroso-morpholine (NMor). The majority of volatile N- 
nitrojff/samines were found in the steam distilled from the patties 
during cooking, only very small levels were left in the patties 
after frying.
Table 5.6 shows the nitrite concentrations remaining in the 
patties just before frying, after 2.5 and 9.5 days storage. Little 
breakdown of the nitrite occurred during processing and 
particularly within the first 2.5 days storage of nitrite cured 
patties. However, this did not affect the colour formation in the 
patties as only a very small amount of nitrite is required for 
colour formation.
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Table 5.6 Levels of residual nitrite in meat patties after 
storage - Study I
Curing
Agent
Level of addition
(ppm NaN02 nitrite
equivalent)
concentration 
2.5 days
(ppm NaNOp) in patties 
9.5 days
NaNCL
2 25 24 27
50 50 38
100 100 77
SNC 25 7 5
50 9 8
. 100 11
SNADC 25 6 6
50 9 8
100 9 14
Much less residual nitrite was present in the SNC and SNADC cured 
meats. This is not surprising because the unstable SNC had 
probably broken down - with the release of nitric oxide - to form 
the nitrosyl pigment and the corresponding disulphide. Nitrite 
probably resulted from the oxidation of nitric oxide. With the 
more stable SNADC,there appears to have been a similar release of 
nitric oxide resulting in the formation of nitrosylmyoglobin which 
was observed as the pink colour of the patties. Again, some 
nitrite has been formed, approximately the same amount as was 
formed in the SNC cured patties.
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5.2.2 The effect of pH and fat content on the formation of 
volatile N-nitrosamines 
As was expected for a cured meat product, the formation of 
volatile N-nitrosamines was greater in meat patties prepared with 
high fat levels than low fat levels, (Ranken et al., 1975). pH 
appeared to have no significant effect over the small range 
involved. With one exception, the formation of volatile N-nitro- 
samines was less in patties prepared using SNADC but in general, 
the reduction was not as marked as in the first study. The 
decrease in N-nitrosamine production in patties cured with SNADC 
was more pronounced using meat samples with a lower pH value.
This is in keeping with the findings of Davies et al., (1978) who 
showed that the nitrosation by a S-nitrosothiol occurred most 
readily at higher pH values. SNADC behaved in a similar manner to 
nitrite where fat content was concerned, i.e., more N-nitrosamines 
were formed in the high fat patties than in the lower fat patties. 
These results are illustrated in Table 5.7 in the Appendix and 
Figs 5.6 and 5.7. Again the predominant N-nitrosamines formed 
were NDMA and NPYR with small amounts of NPip, NDEA and NDBA.
Table 5.8 in the Appendix shows the nitrite concentrations and 
pH’s in meat patties stored for 2.5 and 9.5 days when sampled just 
before frying. As in the first study, the residual nitrite levels 
were much higher for nitrite than for SNADC, but on this 
occasion,they had decreased to a more reasonable level. However, 
this did not provide an explanation for the reduced capacity of 
SNADC to inhibit the formation of volatile N-nitrosamines. There 
was less residual nitrite in low pH patties cured with nitrite 
than in high pH patties but this was not apparent when patties 
were cured with SNADC.
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After 2.5 days storage the pH of all the patties was approximately 
the same as the pH of the pork used to prepare them, however, 
after a further 7 days storage the pH in all the patties had 
increased by approximately 0.2. This small rise did not appear to 
have any effect on the formation of volatile N-nitrosamines after 
the additional 7 days storage.
5.2.3 The effect of sodium ascorbate on the formation of volatile 
N-nitrosamines
It can be clearly seen from the results in Table 5.9 that 
ascorbate inhibits some formation of N-nitrosamines, particularly 
NDMA, in patties cured with sodium nitrite, but brings about no 
inhibition in patties cured with SNADC. This is not totally 
surprising because sodium ascorbate reduces nitrite to nitric 
oxide which is not such a good nitrosating agent as nitrite. 
However, N-acetyl-2,2-dimethylcysteine is a reducing agent and 
thus SNADC is reduced already. Nitrosamines can be formed from S- 
nitrosothiols by transnitrosation, (Dennis, 1979) without the 
release of nitrite hence, when sodium ascorbate was added there 
was no inhibition of nitrosamine formation.
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Table 5.9 Volatile N-nitrosamines formed in patties cured with 
nitrite and SNADC with and without ascorbate - 
.Study III
Curing Agent
Nitrosamines found (ppb) Total Nitrosamine (ppb)
NDMA NPYR NPip Expressed as NPYR
N02 control 23.41 59.17 2.43 92.9
SNADC control 22.96 26.35 1.14. 50.4
N02 + Asc.1 11.97 21.11 1.09 38.3
NO^ + Asc.2 11.62 24.31 1.38 41.3
SNADC + Asc.1 22.65 27.94 1.66 60.2
SNADC + Asc.2 22.70 23.03 ND 45.7
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6. THE TOXICOLOGY OF S-NITROSOCYSTEINE AND S-NITROSO-N-ACETYL-2,
2-DIMETHYLCYSTEINE 
With some difficulty, 80 g each of S-nitrosocysteine and 
S-nitroso-N-acetyl-2,2-diraethylcysteine were prepared for The 
British Industrial Biological Research Association (BIBRA) who 
carried out preliminary investigations into the toxic potential of 
these compounds. The investigations were divided into two parts, 
the first to ensure that these compounds are safe to be handled 
and the second to assess possible toxic effects from ingestion of 
cured meat.
BIBRA carried out tests of oral toxicity (LD^Q), skin and eye 
irritation, skin sensitisation and tests for carcinogenicity and 
genetic damage. The is the single dose which will produce
the death of half of a defined strain or species of a living 
organism. The numerical value is accepted as an index of 
toxicity, the lower the numerical value, the greater the degree of 
toxicity, (Sperling et al., 1976).
6.1 Method Used to Scale up the Preparation of S-nitrosocysteine 
and S-nitroso N-acetyl-2,2-dimethylcysteine
6.1.1 S-Nitrosocysteine
Cysteine hydrochloride (16.44 g) was mixed with HC1 (51 ml, 1.0 M) 
in a 250 ml beaker. Sodium nitrite (6.27 g) was dissolved in 
water (24 ml) in a 100 ml beaker. Both beakers were placed in an 
ice/salt bath at a temperature of -7°C. When the sodium nitrite 
solution was cold, it was poured into a burette. The acidic
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cysteine hydrochloride solution was transferred to a small 
ice/salt bath situated on top of a magnetic stirrer. The 
cysteine hydrochloride solution was stirred whilst the sodium 
nitrite solution was added dropwise from a burette. After a few 
drops of sodium nitrite had been added, nitrogen dioxide fumes 
were given off as the S-nitrosocysteine formed broke down to 
cystine. The reaction was initially carried out in a fume 
cupboard, away from direct sunlight. It was repeated in a dark 
room as before and also with a few grains of potassium thiocyanate 
added as a catalyst but again, S-nitrosocysteine broke down to 
cystine. Thus, as scaling up the production of S-nitrosocysteine 
was unsuccessful, the S-nitrosocysteine was prepared as before 
(2.2.1) in approximately 2 g batches.
6.1.2 S-Nitroso N-acetyl-2,2-dimethylcysteine
The scaling up of SNADC was relatively easy. Approximately 7 g of 
SNADC could be prepared at a time by following the method 2.2.3 
but using five times the weight of all'the materials.
6.2 Results of the Toxicity Tests
6.2.1 Acute oral toxicity in rats
The test chemicals were prepared as suspensions in corn oil at 
concentrations calculated to give a dose volume of 10 ml/kg.
These suspensions were given to groups of six male and six female 
rats previously fasted overnight. The LD__ values and their 95%
5U
limits calculated from the mortality data over 14 days were:
SNC - 0.93 (0.75-1.15) g/kg i.e. 55.8 g for a 60 kg man 
SNADC - 1.35 (1.13-1.62) g/kg i.e. 81.0 g for a 60 kg man
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The major signs were of a reduced activity, laboured respiration 
and in some animals coma before death. These signs were seen with 
doses of 0.6 g SNC/kg or 1.0 g SNADC/kg. There was a marked 
cyanosis with 0.4 g SNC/kg and with 0.5 g SNADC/kg and measurement 
of methaemoglobin concentrations 4 h after dosing confirmed that 
this was due to oxidation of the haemoglobin to methaemoglobin.
The surviving animals appeared normal by 24 h and subsequent 
growth was normal.
Autopsy of animals that died during the study showed signs of 
gastrointestinal tract irritation and those surviving to and 
examined at 14 days had thickened stomach walls.
6.2.2 Skin irritation
A single group of six shaved rabbits was used. Two patches each 
carrying approximately 250 mg SNC and two carrying approximately 
250 mg SNADC were applied to each animal so that each test
material was in contact with an area of intact and an area of
lightly abraded skin. The reaction of the skin was assessed after 
the 24 h contact period and after a further 48 h without 
treatment.
Based on numerical scoring of the reactions seen, the index of ’
irritation (maximum of eight) for each material was - 
SNC - 3.96 - moderately irritant 
SNADC - 1.07 - mildly irritant 
These scores reflected a more severe initial reaction on the part 
of SNC and a greater persistence of that reaction.
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6.2.3 Eye irritation
Separate groups of six rabbits were used for each material. 
Approximately 100 mg of the appropriate material was introduced 
into one eye of each animal and numerical scores awarded to the 
reactions seen at intervals up to 21 days. Fluorescein staining 
was used to define corneal damage.
With SNC there was a severe swelling and redness of the eyelids 
which persisted for at least four days and, in half the animals, 
some effect was seen up to 21 days. Extensive and severe corneal 
.Opacity developed between 1 and 24 h and again some of the signs 
persisted for up to 21 days. The extent and persistence of the 
effects show that SNC is capable of producing severe eye damage.
The findings with SNADC were less severe with no corneal opacity 
and only transitory signs of corneal involvement revealed by 
fluorescein staining. The swelling and inflammation of the 
conjunctivae were less severe than after SNC treatment and in only 
one animal was a minimal reaction seen after four days.
6.2.4 Skin sensitisation
For each material 15 guinea pigs were sensitised by intradermal 
injection together with adjuvant followed, after 7 days, by a 48 h 
dermal application. After two weeks the animals were challenged 
by a 24 h dermal application at a site distant from that used for 
induction. An animal was deemed to be sensitised if the reaction 
to the challenge was greater than that seen in a group of control 
animals. With both materials 40-50$ of the animals were 
considered to react to the challenge and both chemicals would be 
considered moderate sensitisers.
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6.2.5 Salmonella typhimurium mutation assay (Ames test)
SNC and SNADC were incubated in liquid culture with five strains 
of typhimurium developed to be sensitive to the mutagenic 
effects of chemicals. These strains are normally dependent for 
growth on the presence of histidine in the medium and mutations 
are detected as histidine independent colony growth (reversions). 
The test was made with and without a fraction (S-9) from rat liver 
which is capable of metabolising many chemicals.
In this system, no signs of mutation were seen with SNADC up to a 
concentration toxic to the bacteria (2000 g/ml). SNC was 
mutagenic in four of the five strains at the highest concentration 
(2000 g/ml) in the presence of the metabolising system. In one 
strain (TA100) the effect was seen without S-9 and at a lower 
concentration (500 g/ml). The effect in this sensitive strain 
was confirmed using different batches and concentrations of S-9 
and a range of concentrations of SNC.
6.2.6 Chromosome aberration study
A range of concentrations of each material was incubated for 2 h 
with Chinese hamster ovary cells in culture with and without a 
metabolising system (S-9) derived from rat liver. The cells were 
allowed to grow for a further 20 h, division stopped and the 
chromosomes of the dividing cells examined for structural 
abnormalities.
There was an increase in the number of abnormalities in cells 
exposed to 832 or 1250 g/ml in the presence of the S-9 system and
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208 or 310 g/ml in the absence of S-9. Higher concentrations 
could not be tested due to toxicity to the cell system. In the 
absence of S-9 an increase in chromosome aberrations after 
exposure to SNADC was seen with concentrations of 250 g/ml and 
above but in the presence of S-9 only the highest non-toxic 
concentration used (2000 g) was effective. This compares with in 
vitro assays of cultured mouse cells in which nitrite^-induced 
mutagenicity was demonstrated, (Kodama et al., 1976) when 
concentrations of higher than 1 mM (69 g/ml) were used.
6.3 Comparison of S-Nitrosothiols with Sodium Nitrite
There has been great difficulty in obtaining data on the
toxicology and handling characteristics of sodium nitrite for
comparison with the data obtained for SNC and SNADC. However, in
a private communication from BIBRA the LD for nitrite in rats
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was given as 0.085 g/kg. Thus, SNC and SNADC are only about a 
tenth as toxic as sodium nitrite.
Sodium nitrite (300 mg) when introduced into a rabbits eye caused 
severe eye irritation after 24 h. However, this is five time more 
than was utilised when SNC and SNADC were being tested. Thus, a 
true comparison cannot be made.
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7. DISCUSSION AND CONCLUSIONS
S-Nitrosocysteine (SNC) and S-Nitroso-N-acetyl-2,2-dimethyl 
cysteine (SNADC) were chosen to be evaluated as potential curing 
agents because SNC is thought to be formed from cysteine when 
using nitrite as a preservative in cured meats. SNADC is a stable 
S-nitrosothiol. It is relatively easy to prepare and can be 
stored for at least a year in a stoppered vessel at r.oom 
temperature. S-nitrosoglutathione, another nitrosothiol which may 
be formed in cured meat, was not used because it was unstable and 
difficult to prepare. Other S-nitrosothiols considered were S- 
nitrosothiomalic acid and S-nitrosothioglycollic acid, but these 
could not be crystallised and the starting materials had 
objectionable odours. S-nitrosodimethylcysteine broke down 
immediately on formation.
Attempts to scale up the production of SNC for BIBRA were 
unsuccessful because SNC was decomposed immediately. However, the 
scaling up of SNADC was successful.
SNC and SNADC were broken down after 4.5 hours storage in an 
unbuffered solution of sodium chloride. SNC broke down less 
rapidly than SNADC. Thus, SNC is slightly more stable at pH 7 
(pH of the brine) than SNADC. Unfortunately, the SNC used for 
this study had a purity of only 86% and thus further studies in 
buffered brines were carried out using SNADC only. SNADC was 
found to be increasingly unstable as the pH was increased. This 
is in agreement with the findings of Hamm & Hofmann, (1969) who
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found that the stability of SNC showed a similar dependence on pH.
SNADC appeared to be more stable in the presence of phosphate but
-Sodium hvjcWicle
it may just have been less stable in dimethylglutaric acidj- part 
of the non phosphate buffer.
Colour measurements were made by a panel and a colorimeter using 
raw, vacuum-packed patties. The results obtained were in 
reasonable agreement and thus, only the panel was used to estimate 
the colour of all the other patties. In general, the same extent 
of conversion of muscle haem protein to the nitrosyl form occurred 
when patties were prepared with 50 ppm nitrite and the molecular 
weight equivalent of SNC and SNADC. Samples prepared with the 
molar nitrite equivalent of 12.5 and 25 ppm SNC and SNADC
generally produced slightly less colour than 50 ppm nitrite cured
patties. The nitrosyl pigment formed was unstable in the presence 
of light and air. Both raw and cooked patties faded rapidly under 
these conditions and patties became unacceptable in colour with 
two hours of manufacture.
There was a much higher level of residual nitrite in patties cured 
with sodium nitrite than in those cured with SNC and SNADC, as was 
expected. The initial high level of residual nitrite in nitrite 
cured patties decreases during storage, whereas the initial low
level of residual nitrite in patties cured with SNC and SNADC
remains relatively constant during storage. This low level of 
residual nitrite in nitrosothiol cured patties does not appeqr to 
increase the rate of spoilage.
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The conversion of myoglobin to nitrosylmyoglobin was found to 
increase as the S-nitrosothiol concentration was increased. This 
is in contrast with nitrite where at concentrations above 10 ppm 
nitrite, conversion to the nitrosyl pigment was independent of the 
nitrite concentration. This is probably because the rate limiting 
step in the formation of the nitrosyl pigment from nitrite is the 
formation of nitrosyl metmyoglobin. Nitrite (10 ppm), may be 
required to form enough metmyoglobin for reduction to the 
nitrosylmyoglobin.
The increase in percentage conversion to nitrosylmyoglobin with 
increasing concentration of curing additive was clearer with SNADC 
than with SNC. This may merely be because SNADC is a more stable 
compound than SNC and at the time of addition to model systems the 
purity of the former was always greater. Analysis of the 
preparations of SNC showed a small proportion of contaminating 
nitrite to be present, although residual nitrite values for 
patties containing both SNC and SNADC were similar. Thus, it is 
possible that this small amount of contaminating nitrite may have 
contributed to the formation of the nitrosyl haem, in this way 
giving higher percentage conversions at the lower SNC levels. In 
addition, the replicates for SNC were not as close as those for 
SNADC. Both S-nitrosothiols at the 50 ppm nitrite equivalent 
level formed approximately the same amount of nitrosyl pigment as 
50 ppm sodium nitrite.
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An increase in volatile N-nitrosamine formation on frying was 
found to accompany an increase in nitrite, SNC or SNADC 
concentrations in lean meat patties. However, less N-nitrosamines 
were generally formed when nitrite was replaced by SNC or SNADC. 
Possibly, the S-nitrosothiols are reacting with components other 
than amines in the meat.
More N-nitros.amines were formed in high fat than in low fat 
patties when 100 ppm nitrite and 100 ppm nitrite equivalent of 
SNADC were used as curing agents. With one exception, (high fat, 
high pH patties) less N-nitrosamines were formed in patfcLes cured 
with SNADC than with nitrite but the difference was not as marked 
as in the patties containing no added fat. Thus, in lean meat,
nitrite may nitrosate secondary amines in higher yields than S-
nitrosothiols. However, if the major nitrosating agent in
fatty meat is a pseudonitrosite (Walters, et al., 1979) then
possibly S-nitrosothiols and nitrite form these at the same rate.
The pH value of the meat had no significant effect on N- 
nitrosamine formation over the range involved, namely pH 5.62 - 
5.84. After 2.5 days storage, the pH of the patties was the same 
as the pH of the pork used. However, after a further 7*0 days 
storage the pH in all the patties had increased by an almost 
insignificant amount - 0.2. In addition, there was very little 
difference between the amount of N-nitrosamines formed in patties 
stored for 2.5 days than in those stored for 9.5 days.
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Sodium ascorbate (300 ppm) was found to decrease N-nitrosamine 
formation in patties cured with sodium nitrite but it had no 
effect on N-nitrosamine formation in patties cured with SNADC.
This is not totally surprising because sodium ascorbate reduces 
nitrite to nitric oxide which is not such a good nitrosating agent 
as nitrite. Howe-v-e-r-,— N acetyl 2,g-dimcthylcy-st-ci-ne is a reducing 
ag-ent—and thus SNADG-ia reduced a-l-rcady. Nitrosamines can be 
formed from S-nitrosothiols by transitrosation with the release of 
nitrite, hence there was no inhibition of nitrosamine formation 
when adding sodium ascorbate.
The results of toxicity of studies carried out by BIBRA showed 
that skin and eye contact with SNC and SNADC should be minimised, 
in view of their irritant nature and potential to cause 
sensitisation, but this can be achieved by normal protective 
measures. Both compounds have the potential to cause chromosome 
damage and, in the case of SNC to cause mutations in bacteria at 
high levels. Thus, there is further evidence to show that contact 
should be limited but in view of the high concentrations required 
they probably do not present a marked mutagenic hazard. So far as 
the use of SNC and SNADC in food is concerned, it is unlikely that 
residues of these potential additives would survive processing but 
this fact should be established before commercial use.
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It is possible that SNC and/or SNADC could be used to replace
nitrite in lean meats as they form the pink nitrosylmyoglobin
pigment and generally bring about a significant reduction in
»h \ean meat patties 
volatile N-nitrosamine formation^ A further potential advantage
over nitrite cured products is that the desirable
nitrosylmyoglobin pigment appears to be more stable than would be
anticipated at the low residual nitrite concentration. Further,
the low residual nitrite concentration found in such products
would be less likely to lead to the formation of N-nitroso
compounds in the stomach of the consumer.
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Fry patties
Condensed
Steam
Extract with 
D CM
V
Dry
Concentrate
V
G C / T E A
Analysis
Residue
Steam Distil
Extract with 
D C M
Dry
Concentrate
GC/TEA
Analysis
P ig . 5*2  V o la t i le  N -n itro s a m in e  a n a ly s is  o f  f r i e d  p a t t ie s .
Air  Condenser
Round Bottomed 
Flask
Thimble
P ig . 5*3 Kuderna -  D an ish  E v a p o ra to r .
Table 5*4 Volatile N-nitrosamines in meat patties -
storage time 2.5 days - Study I
C u rin g
Agent
L e v e l o f  
a d d i t io n  (ppm 
as n i t r i t e  
e q u iv a le n t  )
N - N it r o s o p y r r o l id in e  
e q u iv a le n t  s ( ppb)
D i s t i l l a t e  P a t t ie s  + P a t T o ta l
w ~ 25 7 .6 0 .4 8 .0
s
i 
 ^
i 50 21 .9 1 .0 22 .9
no2 100
SNC 25 1.9 0 .2 2.1
SNC 50 - 0 .8 -
SNC 100 5 -7 1 .8 7 .5
SNADC 25 2 .2 0 .6 2 .8
SNADC 50 4.1 0 .8 4 .9
SNADC 100 4.1 1.0 5 .1
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Table 5.5 Volatile N-nitrosamines in meat patties -
storage time 9*5 days - Study I
C u rin g
Agent
L e v e l o f  
a d d it io n  
(ppm HO2 
e q u iv a le n t )
N - H it r o s o p y r r o l id in e  
e q u iv a le n t  ( ppb)
D i s t i l l a t e  P a t t ie s  + P a t T o ta l
no2~ 25 6 .6 1 .8 8 . 4
N 0 - 50 18.7 0 .8 19.5
M)~ 100 35.6 1 .5 37.1
SNC 25 0 .3 0.1 0 .4
SNC 50 0 .9 0 .0 0 .9
SHC 100 0 .4 0 .9 1 .3
SNADC 25 0.1 — —
SNADC 50 0 .0 0 . 4 0 .4
SHADC 100 0 .7 0 .8 1. 5
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T a b le  5*7 T o ta l v o la t i l e  N -n itro s a m in e s  fo rm ed i n  SNADC and 
n i t r i t e  cu re d  meat samples lo w  o r  h ig h  i n  f a t  and 
pH -  S tudy I I
C u r in g  „  . . .  _ _ , ,  . V o la t i le  N -n itro s a m in e s. C o m p os ition  o f  P a t t ie s  / , \ \Agent -----------------------------------------  (e xp re sse d  as. HPYR (p p b ) )
(100 ppm) Bat c o n te n t pH S to ra g e  (d a y s )
2 .5  9 -5
NaH02 H ig h H ig h 26 3 °
NaH02 H ig h Low 30 22
• NaH02 Low H ig h 16 12
NaH02 Low Low 15 16
SNALC H ig h H ig h 28 29
SNADC H ig h Low 17 30
SMADC Low H ig h 9 11
SNADC Low Low 7 10
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T ab le  5*8 R e s id u a l n i t r i t e  le v e l  and pH o f  p a t t ie s  cu re d  
w ith  n i t r i t e  and SHADC -  S tudy I I I
C u rin g  
Agent 
(100 ppm)
C o m p os ition  o f  P a t t ie s  
P a t c o n te n t pH
2 .5
S torage  (d a y s )
9 .5
R e s id u a l
n i t r i t e pH
R e s id u a l
n i t r i t e pH
NaNOg H ig h  . H ig h 81 5 .8 62 6.1
NaH02 H ig h Low 71 5 .6 51 5 .8
NaM)2 Low H ig h 80 5-8 60 6.1
NaH02 Low Low 66 5 .6 46 5 .9
SNADC H ig h H ig h 7 5 .8 7 6 .0
SNADC H ig h Low 8 5 .7 8 5 .8
SHADC Low H ig h 8 5 .9 8 5 .9
SNADC Low Low 7 5 .7 8 5 .9
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